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(57) A Fiber-to-the-Home (FTTH) multi-media ac- 
cess system and method are provided in which voice, 
video and data signals are transported over a passive 
optical network (PON) between a central office location 
and a plurality of subscriber home network units 
(HNUs). Optical video distribution circuitry and telepho- 
ny/data distribution circuitry at the central office location 
are included in the system and operate to send and re- 
ceive CATV video, PBS video television, telephony and 
Packet data signals to and from the HNUs via the PON. 
Optical multiplexing/demultiplexing circuitry operating 
at the central office combines the video signals, which 
are operating at one optical wavelength, with the teleph- 
ony/data signals, which are operating at a second, dis- 



tinct optical wavelength. These combined optical sig- 
nals are then transported over the PON to the HNUs. 
The PON includes a plurality of distribution fibers cou- 
pled to a plurality of passive optical splitters, which are 
each coupled to a plurality of drop fibers that connect to 
the HNUs. The HNUs receive the combined optical sig- 
nals, demultiplex and convert the optical signals into 
corresponding electrical signals, which are in turn cou- 
pled through the HNU to the video, data and telephony 
networks within the home. The HNUs also receive up- 
stream electrical signals from devices within the home, 
multiplex and convert these electrical signals into up- 
stream optical signals, and transmit ihese upstream op- 
tical signals to the central office. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of 
United States Patent Application S/N 09/537,022, filed 
on March 28, 2000, and is also related to the following 
co-pending United States patent applications, which fur- 
ther describe certain elements and aspects of the FTTH 
Multimedia Access System set forth herein: (1) S/N 
09/520,587, titled "Splice Tray for use in Splicing Fiber 
Optic Cables and Housing Therefor/' filed on March 8, 
2000; (2) S/N 09532,996 titled "Apparatus for Distribut- 
ing Optical Fiber Transmission Paths," filed on March 
22, 2000; (3) S/N 09/540,956, titled "Apparatus and 
Method for Combining Two Separate RF Signals on a 
Single Optical Fiber," filed on March 31 , 2000; (4) S/N 
29/120,491, titled "Wall-Mounted Home Network Unit," 
filed on March 20, 2000; (5) S/N 60/186,486, tilled 
"Home Networking Unit," filed on March 2, 2000; (6) S/ 
N 09/395,844, titled "Apparatus and Method for Extract- 
ing Two Distinct Frequency Bands from Light Received 
by a Photodiode," filed on September 14, 1 999; and (7) 
S/N 09/539,395, titled "Digital Laser Driver Circuit," filed 
on March 31, 2000. The teaching and disclosure of 
these co-pending applications are hereby incorporated 
into this application by reference. 

BACKGROUND 

1 . Technical Field 

[0002] The present invention is directed toward the 
field of broadband multi-media communication systems. 
More specifically, the invention is a scalable multi-media 
Fiber-To-The-Home (FTTH) access system that ena- 
bles the efficient delivery of telephony, Internet Data, 
CATV, video-on-demand (VOD), direct broadcast satel- 
lite (DBS), and other multi-media services via a passive 
optical network coupled between special-purpose multi- 
media interface circuitry located at a central office loca- 
tion and a plurality of Home Network Units (HNUs) lo- 
cated at subscriber homes or businesses. 

2. Description of the Related Art 

[0003] Prior to the explosive growth in the public's de- 
mand for data services, such as dial-up Internet access, 
the local loop access network transported mostly voice 
information. This present access network typically in- 
cludes numerous twisted-pair wire connections be- 
tween the plurality of user locations and a central office 
switch (or terminal). These connections can bo multi- 
plexed in order to more efficiently transport voice calls 
to and from the central office. The present access net- 
work for the local loop is designed primarily to carry 
these voice signals, i.e., it is a voice-centric network. 
[0004] Today, data traffic carried across telephone 



networks is growing exponentially, and by many meas- 
ures may have already surpassed traditional voice traf- 
fic, due in large measure to the explosive growth of dial- 
up data connections. The basic problem with transport- 
5 ing data traffic over this voice-centric network, and in 
particular the local loop access part of the network, is 
that it is optimized for voice traffic, not data. The voice- 
centric structure of the access network limits the ability 
to receive and transmit high-speed data signals along 
10 with traditional quality voice signals. Simply put : the ac- 
cess part of the network is not well matched to the type 
of information it is now primarily transporting. As users 
demand higher and higher data transmission capabili- 
ties, the inefficiencies of the present access network will 
»5 cause user demand to shift to other mediums of trans- 
port for fulfillment, such as satellite transmission, cable 
distribution, wireless services, etc. 
[0005] An alternative present local access network 
that is available in some areas is a digital loop carrier 
("DLC") system. DLC systems utilize fiber-optic distribu- 
tion links and remote multiplexing devices to deliver 
voice and data signals to and from the local users. An 
early DLC system is described in United States Patent 
No. 5,046,067 titled "Digital Transmission System" ("the 
'067 patent"). The '067 patent describes a Digital Loop 
Carrier (DLC) system. In a typical DLC system, a fiber 
optic cable is routed from the central office terminal 
(COT) to a host digital terminaJ (HDT) located within a 
particular neighborhood. Telephone lines from subscrib- 
er homes are then routed to circuitry within the HDT, 
where the telephone voice signals are converted into 
digital pulse-code modulated (PCM) signals, multi- 
plexed together using a time-slot interchanger (TSI), 
converted into an equivalent optical signal, and then 
routed over the fiber optic cable to the central office. 
Likewise, telephony signals from the central office are 
multiplexed together, converted into an optical signal for 
transport over the fiber to the HDT converted into cor- 
responding electrical signals at the HDT, demultiplexed 
and routed to the appropriate subscriber telephone line 
twisted-pair connection. 

[0006] Some DLC systems have been expanded to 
provide so-called Fiber-to-the-Curb (FTTC) systems. In 
these systems, the fiber optic cable is pushed deeper 
into the access network by routing fiber from the HDT 
to a plurality of Optical Network Units (ON Us) that are 
typically located within 500 feet of a subscriber's loca- 
tion. Multi-media voice, data, and even video from the 
central office location is transmitted to the HDT. From 
the HDT, these signals are transported over the fibers 
to the ONUs, where complex circuitry inside the ONUs 
demultiplexes the data streams and routes the voico, 
data and video information to the appropriate subscrib- 
er. 

[0007] These prior art DLC and FTTC systems suffer 
from several disadvantages. First, these systems are 
costly to implement and maintain due to the need for 
sophisticated signal processing, multiplexing/demulti- 
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plexing, control, management and power circuits locat- 
ed in the HDT and the ONUs. Purchasing, and then 
servicing this equipment over its lifetime has created a 
large barrier to entry for many local bop service provid- 
ers. Scalability is also a problem with these systems. 
Although these systems can be partially designed to 
scale to future uses, data types and applications, they 
are inherently limited by the basic technology underpin- 
ning the HDT and the ONUs. Absent a wholesale re- 
placement of the HDT or the ONUs (a very costly prop- 
osition), these DLC and FTTC systems have a limited 
service life due to the design of the intermediate elec- 
tronics in the access loop. 

[0008] Therefore, there remains a general need in this 
field for a multi-media access system that is scalable 
and which does not include complex, costly intermedi- 
ate electronics in the local access loop between the cen- 
tral office location and the subscriber's premises. 

SUMMARY 

[0009] A Fiber-to-the-Home (FTTH) multi-media ac- 
cess system and method are provided in which voice, 
video and data signals are transported over a passive 
optical network (PON) between a centra! office location 
and a plurality of subscriber home network units 
(HNUs). Optical video distribution circuitry and telepho- 
ny/data distribution circuitry at the central office location 
are included in the system and operate to send and re- 
ceive CATV television signals, DBS signals, telephony 
and Ethernet packet data signals to and from the HNUs 
via the PON. Optical multiplexing/demultiplexing circuit- 
ry operating at the central office combines the video sig- 
nals, which are operating at one (or more) optical wave- 
lengths), with the combined telephony/data signals, 
which are operating at a second, distinct optical wave- 
length. These combined optical signals are then trans- 
ported over the PON to the HNUs. The PON includes a 
plurality of distribution fibers coupled to a plurality of 
passive optical splitters, which are each coupled to a 
plurality of drop fibers that connect to the HNUs. The 
HNUs receive the combined optical signals, demultiplex 
and convert the optical signals into corresponding elec- 
trical signals, which are in turn coupled through the HNU 
to the video, data and telephony networks within the 
home. The HNUs also receive upstream electrical sig- 
nals from devices within the home, multiplex and con- 
vert these electrical signals into upstream optical sig- 
nals, and transmit these upstream optical signals to the 
central office. 

[0010] According to one aspect of the invention, a sys- 
tem for transporting voice, video and data signals in the 
local access loop between a central office location and 
a plurality of subscribers is provided. This system in- 
cludes: (1) optical video distribution circuitry for combin- 
ing CATV television signals and DBS television signals 
into optical video signals at a first wavelength; (2) te- 
lephony/data distribution circuitry for combining teleph- 



ony signals and packet data signals into optical teleph- 
ony/data signals at a second wavelength; (3) optical 
multiplexing circuitry for combining the optical video sig- 
nals at a first wavelength with the optical telephony/data 
5 signals at a second wavelength to form combined opti- 
cal signals carrying information at two distinct wave- 
lengths; (4) a passive optical network for transporting 
the combined optical signals to the subscribers, wherein 
the passive optical network includes a plurality of 1 :N 
10 reflective splitter/couplers that each include a plurality 
of optical coupling circuits for coupling N downstream 
transmission ports to one or more upstream transmis- 
sion ports, and for echoing signals between the N down- 
stream transmission ports; and (5) a plurality of home 
15 network units coupled to the 1 :N reflective splitter/cou- 
plers for receiving the combined optical signals, and for 
demultiplexing and converting the combined optical sig- 
nals into a plurality of electrical signals corresponding 
to the CATV television signals, the DBS television sig- 
20 nals, the telephony signals, and the packet data signals. 
[0011] Another aspect of the invention provides a 
method of transmitting telephony, data and video sig- 
nals in the local access loop between a central office 
location and a plurality of subscriber homes. This meth- 
25 od includes the following steps: (A) multiplexing the te- 
lephony signals with the data signals to form telephony/ 
data signals; (B) converting the telephony/data signals 
into optical telephony/data signals; (C) converting the 
video signals into optical video signals; (D) combining 
30 the optical telephony/data signals and the optical video 
signals into a combined optical signals; (E) transmitting 
the combined optical signals over a passive optical net- 
work that is terminated with a plurality of home network 
units within each subscriber's home, wherein the pas- 
35 sive optical network includes a plurality of 1 :N reflective 
splitter/couplers, each of the 1 :N reflective splitter/cou- 
plers coupled to up to N home network units; (F) extract- 
ing the optical video signals and the optical telephony/ 
data signals from the combined optical signals; (G) de- 
40 multiplexing the telephony signals and the data signals 
from the telephony/data signals; and (H) routing the vid- 
eo signals, the telephony signals, and the data signals 
to devices within the subscriber's home. 
[0012] Still another aspect of the invention provides a 
45 method of transmitting data over a passive optical net- 
work that couples a central office terminal to a plurality 
of home network units (HNUs), the passive optical net- 
work include a plurality of 1.N reflective splitter/cou- 
plers, wherein each of the 1 :N reflective splitter/couplers 
50 is coupled to up to N HNUs, and echoes data transmitted 
by one of the HNUs to the other HNUs, comprising the 
steps of: providing a continuous downstream transmis- 
sion from the central office terminal to the HNUs; and 
providing a burst upstream transmission from each of 
55 the HNUs to the central office, wherein each of the 
HNUs coupled to a particular 1 :N reflective splitter/cou- 
pler monitors the upstream transmission from the other 
HNUs and dynamically adjusts the frequency of its burst 
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upstream transmission in order to maximi7e upstream 
bandwidth. 

[0013] Another aspect of the invention provides a re^ 
flective splitter/coupler for use in a passive optical net- 
work for transporting optical communication signals. 
The reflective splitter/coupler includes: at least one up- 
stream transmission port; a plurality of downstream 
transmission ports; and a plurality of optical coupling cir- 
cuits coupled between the at least one upstream trans- 
mission port and the plurality of downstream transmis- 
sion ports, the optical coupling circuits being configured 
to transmit an upstream signal received from one of the 
downstream transmission ports to the at least one up- 
stream transmission port and also to the other down- 
stream transmission ports. 

[0014] It should be noted that these are just some of 
the many aspects of the present invention. Other as- 
pects not specified will become apparent upon reading 
the detailed description set forth below. 
[0015] Throughout this application a variety of acro- 
nyms are used. The following is a non-exhaustive list of 
many of these acronyms: ATM means Asynchronous 
Transfer Mode; CATV means Cable Television; CO 
moans Central Office; COT means Central Office Ter- 
minal; CLE means Customer Located Equipment; DBS 
means Digital Broadcast Satellite; EMS moans Element 
Management System; FOA means Fiber Optic Amplifi- 
er; FTTH means FiberTo The Home; GUI means Graph- 
ical User Interface; HDT means Host Digital Terminal; 
HNU means Home Network Unit; IP means Internet Pro- 
tocol; ISP means Internet Service Provider; MDS means 
DISC'S® MX Distribution shelf; NE means Network El- 
ements; NGDLC means Next Generation Digital Loop 
Carrier system; OSP means Outside Plant; OSS means 
Operational Support Systems; PCM means Pulse Code 
Modulation; PON means Passive Optical Network; 
POTS means Plain Old Telephone Systems; PPPOE 
means Point-to-Point Protocol Over Ethernet; SS 
means Supervisory System; SWX means Splitter WDM 
Frame; TCP/IP means Transmission Control Protocol/ 
Internet Protocol; TDM means Time Division Multiplex; 
TSI means Time Slot Interchange; and WDM means 
Wave Division Multiplex. 

[0016] The present invention provides many advan- 
tages, such as: (1) provides an inexpensive, easy-to- 
service architecture enabling the bi-directional commu- 
nication of voice, high-speed data, CATV and DBS mul- 
ti-media services within the local-loop between a central 
office terminal and a plurality of subscribers; (2) pro- 
vides a passive optical network (PON) architecture with 
no intermediate electronics to service; (3) provides a da- 
ta transmission protocol including variable-length pack- 
ets, guard time interval, a common packet structure for 
all types of information, multiple queues to prioritize dif- 
ferent types of data during multiplexing, an addressing 
scheme that is used to differentiate the different types 
of multi-media data during demultiplexing, and a bit error 
detection mechanism; (4) enables the fragmentation of 



packets across two or more time slots in the data pro- 
tocol: (5) provides 8B10B coding in order to (i) provide 
additional bit information to assist in the detection of bit 
errors, (ii) delineate the boundary between adjacent da- 

s ta packets, and (Hi) provide known control data when no 
information is being transmitted; (6) the system includes 
a collision avoidance mechanism having a downstream 
control signal that tells each HNU what time slot they 
are to communicate on within the upstream TDMA chan- 

10 nel; (7) provides high-speed, symmetrical PPPOE data 
transport; (8) the architecture is easily scaled to other 
types of services and services operating at higher data 
rates, such as 100Base-T Ethernet; (9) provides a 
mechanism for prioritizing voice traffic; (10) low latency; 

*5 (ii) provides bi-directional optical transmission using 
the same wavelength on a single fiber; and (12) provides 
an advanced echo-cancellation circuit. 
[0017] These are just a few of the many advantages 
of the present invention, which is described in more de- 

2Q tail below in terms of the preferred embodiments. Not 
all of these advantages are required to practice the in- 
vention, and this listing is provided simply to illustrate 
the numerous advances provided by the invention. As 
will bo appreciated, the invention is capable of other and 

2s different embodiments, and its several details are capa- 
ble of modifications in various respects, all without de- 
parting from the spirit of the invention. Accordingly, the 
drawings and description of the preferred embodiments 
set forth below are to be regarded as illustrative in nature 

30 and not restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The present invention satisfies the general 
35 need noted above and provides many advantages, as 
will become apparent from the following description 
when read in conjunction with the accompanying draw- 
ings, wherein: 

40 FIG. 1 sets forth an exemplary embodiment of an 
FTTH system 1 according to the present invention; 
FIG. 2 sets forth a more detailed schematic of the 
system shown in FIG. 1 ; 

FIG. 3 is another exemplary embodiment ol an FT- 
45 TH system 1 according to the present invention; 

FIG. 4 is a block diagram showing TCP/IP data 
transport over an Ethernet connection in the system 
of the present invention; 

FIG. 5 is a block diagram showing PSTN telephony 
50 data transport in the system of the present inven- 
tion; 

FIG. 6 is a circuit schematic of a preferred optical 
transceiver employing echo cancellation for use 
with the system of the present invention; 
55 FIG. 7 is a data protocol diagram showing a full-du- 

plex PON with TDMA return methodology for use 
with the system of the present invention; 
FIG. 8 is an electrical block diagram of a Quad Op- 
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tteal Interface Unit (QOIU) card operating at the CO 
terminal equipment in the system of the present in- 
vention; 

FIG. 9 is an electrical block diagram of the HNU; 
FIG. 1 0 is a data flow diagram showing the coupling 
between a QOIU at the central office terminal and 
one HNU located at the subscriber's premises; 
FIG. 11 is an electrical block diagram showing the 
logical components of a Field Programmable Gate 
Array (FPGA) operating within the HNU; 
FIG. 12 is an electrical block diagram showing the 
logical components of a Data FPGA operating with- 
in the QOIU card; 

FIG. 13 is an electrical block diagram showing the 
logical components of a Common FPGA operating 
within the QOIU card; 

FIG. 14 is an electrical block diagram showing the 
logical components of a Framer FPGA operating 
within the QOIU card; 

FIG. 15 shows an HNU timeslot selection interface 
that may be included in the HNUs: 
FIG. 1 6A sets forth the methodology of automatical- 
ly selecting an HNU timeslot when power is first ap- 
plied to the HNU; 

FIG. 1 6B sets forth the methodology of manually se- 
lecting an HNU timeslot. 

FIG. 1 7 sets forth a first embodiment of a 1 :8 reflec- 
tive passive optical coupler for use in a passive op- 
tical network; 

FIG. 18 sets forth a second embodiment of the re- 
flective passive optical coupler shown in FIG. 17; 
FIG. 19 sets forth a third embodiment of the reflec- 
tive passive optical coupler shown in FIG. 17; and 
FIG. 20 sets forth a timing diagram for communicat- 
ing over a passive optical network (PON) utilizing 
one of the three reflective optical couplers shown in 
FIGs 17-19. 

[0019] These drawing figures present one or more 
preferred embodiments of the present invention. The 
preferred embodiments, which are described in detail 
below, are presented by way of example, and are not 
meant to limit the scope of the claimed invention. 

DETAILED DESCRIPTION 

I. System Overview 

[0020] The fiber to the home ("FTTH") system de- 
scribed in this application preferably utilizes a Passive 
Optical Network ("PON") architecture configured in a 
star-star configuration with split ratios selected to pro- 
vide maximum service bandwidth while lowering distri- 
bution costs. All of the electronic components are pref- 
erably in the central office or in the residence; i.e., there 
are preferably no active components in the feeder or dis- 
tribution plant, although in certain embodiments of the 
invention there could be. The major benefit of this archi- 



tecture is extremely low maintenance cost and high 
service quality. Multi-media services are combined at a 
central location, assumed hereafter to be a Central Of- 
fice ("CO"). These services are then transmitted to var- 
5 ious customers over a fiber optic network that extends 
from the CO to the homes or businesses of the individual 
customers. A passive optical splitter terminates each 
fiber in the distribution plant and feeds up to four cus- 
tomers with a single fiber entering each residence or 
10 business. 

[0021] All voice, data and video services subscribed 
to by each customer are processed in the CO by spe- 
cialized equipment, including optical video distribution 
equipment and packet voice/data distribution equip- 
15 ment (described below). Circuit switched voice lines 
from a CO switch and high speed data from packet data 
routers are feed to a Distribution Shelf (MDS), com- 
bined, put in packet format and converted into an optical 
signal for transmission. CATV signals acquired from an 
20 antenna system or service provider (or video on demand 
signals) are combined with the signal from a Direct 
Broadcast Satellite (DBS) antenna, amplified, split and 
wave division multiplexed (WDM) with the voice/data 
packet signals. The fiber outputs of the optical and pack- 
25 ei voice/data systems at the CO are optical signals each 
containing unique voice, data and video subscribed to 
by the customer(s). Passive functions of splitting, wave 
division multiplexing and routing of fibers for splicing into 
distribution fibers is performed by an Optical Mainframe, 
30 which is also preferably located at the central location. 
[0022] Each fiber leaving the CO is preferably as- 
signed to a group of four customers, although it could 
service more or less customers depending on the im- 
plementation. The various multi-media signals on the 
35 fibers are preferably transmitted for distances up to 33kft 
without amplification before being terminated by the 
passive splitters serving each group of four customers. 
The signals at the output of the splitters are applied to 
a drop fiber servicing a single home/business that can 
40 be up to 3.3kft in length. This allows serving dense and 
sparsely populated areas (residences could be a mile 
apart in rural areas). The drop fiber is terminated at the 
customer premise in an electronic unit called The Home 
Network Unit ("HNU") The HNU performs the primary 
45 function of separating downstream signals and convert- 
ing them to their proper formats for voice, data and video 
distribution in the home or business, and conversely 
combining upstream voice, data and perhaps video con- 
trol signals into an upstream signal fortransport back to 
so the central office. 

[0023] The HNU preferably includes three standard 
connectors for three independent phone lines, one con- 
nector for data and two coax connectors, one providing 
CATV (or NTSC) video and the other for Digital Broad- 
55 cast video. Each video output supports up to four TV 
sets or DBS set top boxes depending on the service, 
without additional amplification. With additional amplifi- 
ers in the HNU , more than four connections may be sup- 
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ported. The FTTH system provides high-speed symmet- 
rical (i.e. bi-directional) data transport using a secure 
Point-to- Point Protocol over Ethernet (PPPoE) transport 
protocol. Data from customers is aggregated and con- 
verted, if necessary, at a CO to a protocol compatible 
with the Internet Service Providers. The HNU is prefer- 
ably powered from a standard 115V AC source at the 
residence. Additionally, an optional battery backup unit 
for maintaining POTS service in the event of an AC pow- 
er outage is provided. 

II. Preferred Embodiments 

[0024] The remainder of this Detailed Description sets 
forth several exemplary embodiments of the invention. 
It should be understood, however, that these are just 
some of the many possible embodiments of the inven- 
tion, and other, different embodiments will become ap- 
parent lo one of ordinary skill in the art upon reading this 
application and the accompanying drawing figures. 
[0025] FIG. 1 sets forth an exemplary embodiment of 
an FTTH system 10 according to the present invention. 
FIG. 2 sets forth a more detailed schematic of the sys- 
tem shown in FIG. 1. 

[0026] The preferred multimedia services provided 
via the system 10 are Plain Old Telephone Service 
(POTS), high-speed data and video. All three services 
are combined and distributed from a central location 1 2, 
assumed herein to be a Central Office, and transmitted 
to customers over a fiber optic network 1 4. The resulting 
Outside Plant 44, 46, 48 preferably contains no active 
components and thus is referred to as a Passive Optical 
Network (PON). A passive optical splitter 46 terminates 
a single fiber 44 in the distribution plant and feeds up to 
four customers. 

[0027] The FTTH system 1 0 is optimized for low initial 
first cost. Service costs are deferred until there is de- 
mand on a per customer basis. The initial first cost is 
driven by low OSP cost to place only the fiber cable in 
the network, either aerial or buried, with no intermediate 
cross connects. Once a customer requests service, a 
drop fiber 48 is delivered to the individual home via a 
splice 46 off ol the primary fiber cable 44. 
[0028] Delivery of services is CLE (Customer Located 
Equipment) based 16. A single, locally powered CLE 
unit 50 (HNU) provides voice, video and data services 
from the fiber 48 entering the home. Once installed, the 
high bandwidth of the fiber network combined with the 
simplicity of CLE deployment allows for an increase 
(scalability) in CLE feature sets and accommodation of 
new services without requiring additional construction. 
This scalability advantage of the present invention is not 
possible with presently-implemented access loop net- 
works. 

[0029] The Central Office Equipment 12 preferably 
utilizes a Marconi® MX NGDLC (Next Generation Dig- 
ital Loop Carrier) product (available from Marconi Com- 
munications, Irving, Texas) that provides network distri- 



bution, connectivity and control of broadband video and 
data plus telephony functionality, including a Telecordia 
certified GR-303 switch interface. Included with the 
NGDLC product is a unique Optical Mainframe 62 for 
5 fiber management, optical mu Itiplexing, and termination 
as well as an optical video distribution subsystem 38.. 
34, 30. The FTTH system 10 can be deployed as an 
overlay in areas where there is a demand for voice, vid- 
eo and data services, as an alternative method for out- 

10 side plant rehab, overlay, or in greenfield construction. 
[0030] The equipment making up the exemplary FT- 
TH system 10 shown in FIGs. 1 and 2 consists of the 
following elements: (1)The Home Network Unit (HNU) 
50 is the CLE unit. The HNU 50 is attached to the fiber 

15 OSP 48 and provides voice, video and data services dis- 
tributed by the DISC ★ S® MX Distribution shelf (MDS) 
20 at the CO. The HNU 50 preferably receives local 
power from an external power supply and an optional 
battery backup supply; (2) The DISC -* S® NGDLC 

20 configured with the MX Distribution shelf (MDS) that 
supplies voiceAndeo/data distribution cards that inter- 
face with the fiber OSP and with the upstream network 
switching elements; (3) The SWX Optical Mainframe 30, 
which provides management of the distribution fibers 

25 from the HNUs, mass fusion splicing for termination into 
optical distribution equipment and wave division multi- 
plexing; (4) The optical video distribution 38A-3BE con- 
sisting of fiber amplifiers and transmitters for broadcast 
of DBS 42 and CATV video 40; (5) The broadband data 

30 aggregation equipment for transferring packet data to 
the ISP traffic transmission backbone 26A, 26B; and (6) 
Element Management Systems 20E to provide opera- 
tional control of the above items as required or appro- 
priate. 

35 

A. Outside Plant (OSP) 

[0031] The OSP is optimized for aerial construction, 
although the architecture is applicable to buried con- 
*o struction as well . The OS P is constructed of fiber cables 
44 extending from a central or remote switching location 
throughout the service area. Each fiber provides service 
preferably to four homes. The signals on the fibers are 
transmitted for distances up to 33 kft, without amplifica- 
45 tion, before termination at a passive splitter 46. The 4: 
1 splitter terminates the fiber 48 in close proximity (3.3 
kft or less) to four homes or living units. A single fiber 
drop 48 extends from the splitter 46 to each of the living 
units and terminates at the HNU 50. The four way splil- 
50 ters 46, the fiber drops 48, termination of the fiber drop 
and installation of the HNU 50 are added to the system 
as service is required. 

B. Home Network Unit (HNU) 

55 

[0032] The HNU 50 is located inside the customer 
premise 1 S and provides the following services: (i) 3 
POTS lines 56; (ii) 1 CATV drop (50-750MHz) 60; (iii) 1 
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DBS drop (950-2050MH?) 5B; and (iv) 1 1 0Mbps Ether- 
net drop 54. The HNU 50 is locally powered via an ex- 
ternal power supply co-located inside the customer 
premise 16. Lifeline POTS is supported by optional bat- 
tery backup on a single POTS line. The battery backup 
consists of a unit external to the HNU 50 that accepts 
commonly available "C" cell or 9 volt batteries. 
[0033] The HNU 50 is preferably mounted on a wall 
inside the living unit. The HNU housing is preferably a 
"clam shell" box with a hinged cover providing access 
to the circuit board and fiber loop inside the unit. A lock 
is provided to prevent unauthorized entry to the HNU. 
Mechanical schematics of the preferred HNU 50 ; and 
corresponding description are set forth in co-pending 
application S/N 60/186,486, titled "Home Networking 
Unit," the teaching of which has been incorporated into 
this application by reference. 

[0034J The fiber drop cable 48, including an optional 
metallic strength member, enters the HNU 50 housing. 
The mechanical termination of the fiber cable 48 and 
optional strength member is provided as an integral part 
of the HNU 50 housing. The fiber drop 48 termination is 
provided jointly by the HNU 50 unit mechanics and the 
HNU 50 circuit board. The HNU 50 hinged cover con- 
tains an integrated fusion splice tray where the fiber drop 
to the home is spliced into the HNU internal fiber loop. 
The HNU internal fiber loop is then terminated on the 
HNU circuil board. A further description of this fiber 
splice tray is seen in co-pending application S/N 
09/520,587, titled "Splice Tray for use in Splicing Fiber 
Optic Cables and Housing Therefore," the disclosure of 
which has been incorporated into this application by ref- 
erence. 

[0035] The HNU 50 provides all services on a single 
circuit card mounted in the housing. The HNU circuit 
board provides the WDM and electrical to optical con- 
version functions to extract the POTS and data signals 
from the 1 3 1 0nm wavelength and the video signals from 
the 1550nm wavelength. In the upstream direction the 
HNU 50 converts the electrical signals to optical signals 
and multiplexes the 1330nm and 1550nm wavelengths 
onto the fiber for transport back to the CO. 
[0036] The POTS, video and Ethernet data are pro- 
vided asconnectorized outputs on the HNU 50 housing. 
Three RJ11 connectors are provided for connection to 
the house telephone wiring. Each connector provides a 
separate, private line. Two 'F' type connectors are pro- 
vided for video feeds into the customer premise. One 
connector provides the CATV signal and the other pro- 
vides the digital DBS signal. A single RJ45 connector is 
provided for a 1 0Bnse-T high-speed data connection to 
the customer's computer. 

[0037] Voice traffic is received and transmitted in a 
packetized format by the HNU 50. The HNU 50 provides 
the battery (optional external), ringing, supervision (off- 
hook/on-hook), and PCM coding of telephony BOR- 
SCHT functions for each POTS line. The resulting 
POTS line interfaces at the three RJ11 jacks on the HNU 



50 meet the requirements of TR-57, as applicable. The 
POTS line interfaces are also compatible with imple- 
mentation of CLASS services. 

[0038] The video signal 60 reception range is from 50 
5 to 2050 MHz. The DBS signal 58 reception is 
950-2050MHZ. Standard DBS set top boxes will be used 
to decode the signals. CATV signal reception is 
50-750MHZ. 

[0039] The HNU CATV interface (coax 'F' connector) 

io complies with NTSC standards and provides 25 analog 
channels and 140 digitally-modulated channels of pro- 
gramming. The HNU DBS interface (coax F connector) 
complies with the Hughes DBS standard for the provi- 
sion of a full range of DBS channels. 

is [0040] HNU data traffic is received and transmitted as 
Ethernet packets using Point-to-Point Protocol over Eth- 
ernet (PPPoE). The 10Base-T interface provided at the 
HNU 50 is IEEE 802.3 compliant. The HNU 10Base-T 
interface is connected to a standard Network Interface 

20 Card (NIC) installed in the customer's computer over 
CAT-3 or CAT-5 cabling in the home. The PPPoE ses- 
sion is initiated at the customer's computer and termi- 
nated by the ISP provider. The high-speed data service 
downstream performance is 20Mbps shared among 

25 four homes connected at the Passive Optical Splitter 46 
with downstroam burst capability of 10Mbps to each 
home. The upstream performance is 4.5Mbps dedicat- 
ed for each home. All four of the homes linked to the 
Passive Optical Splitter 46 have the ability to conduct 

30 simultaneous 4.5Mbps data sessions. 

[0041] The HNU 50 executes power shedding during 
an AC power outage to automatically shut down video 
and data services to conserve battery power. 

35 c. Central Office (CO) Equipment 

[0042] The CO equipment consists of a Splitter WDM 
Frame (SWX) 30 : fiber amplifiers and transmitters 38A- 
38E : DISC ★ S® MX MDS 20A 20B, 20F, DISC ★ S® 

40 Common Shelf 20C, broadband data aggregation 
equipment 22, plus the corresponding management 
systems 20E. The CO equipment supports existing 
NGDLC capabilities (TR-008, GR-303) plus the interfac- 
es to OSS systems required for management of video 

45 and data traffic. 

[0043] The Splitter WDM Frame (SWX) 30 assembly 
collects the feeder network fibers from the HNUs 50 via 
the CO cable vault. The SWX shelf 30 subassembly is 
a passive optical signal distribution system that provides 

so mass fusion termination of up to 96 of these fibers to 
fiber jumpers routed to the DISC *- S® MX MDS 20F 
shelf. The SWX 30 also performs the WDM function to 
separate the 1310nm signals (voice/data) from the 
1550nm signals (video) onto separate fibers within the 

55 CO. A single fiber carrying 1 550nm video signals is rout- 
ed to the Optical Video Distribution equipment 3BA-38E. 
Fibers carrying 1310nm voice/data signals from all the 
HNUs 50 (4 per fiber) are routed to the MDS shelf(s) 
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20F. The SWX 30 also provides multiplexing of a 
1 550nm video broadcast signal from a single fiber to 32 
outgoing fibers. 

[0044] The CATV and DBS signals 40, 42 entering the' 
CO from the service provider head-end and satellite are 
received at the CDX 38A, which combines both signals 
into a 1550nm signal carried over a single fiber. This 
combined optical video signal is then amplified by a high 
power optical amplifier (FOA) 38B that acts as the 
"booster" stage in the CO Optical Video Distribution sub- 
system. The output of the booster FOA is fed to an op- 
tical splitter 38C that fans out the combined optical video 
signal to multiple parallel FOAs 38D : 38E that act as the 
distribution amplifier stages. The number of distribution 
FOAs is a function of the number of f toers in the network. 
The output of the distribution FOA is routed over fiber to 
an SWX(s) 30. A preferred FOA is an Erbium-Doped 
Fiber Amplifier (EDFA), although other types of optical 
amplifiers could be used with the invention. 
[0045J The fibers carrying voice and data signals over 
1310nm are routed from the SWX 30 to the MX MDS 
shelf 20F. The fibers are connected directly to the 
QOIU81 (Quad Optical Interface Unit) cards 20A in the 
MDS shelf. Each QOIU81 20A accepts four fibers, 
where each fiber is carrying voice and data for four of 
the HNUs 50. There are 14 QOIU81 slots available in 
the MDS shelf 20F, therefore each MDS shelf supports 
224 HNUs (14 cards x 4 ports per card x 4 homes per 
port). Since each HNU 50 represents 3 POTS lines, the 
MDS shelf can distribute up to 672 POTS channels. 
[0046] The QOIU81 card 20A performs the optical to 
electrical conversion for four optical signals. The voice 
data is removed from the data stream received from the 
HNU 50 and routed to a structured DS-0 TDM bus on 
the MDS backplane. The TDM data is passed to the 
DPU1 (Data Processing Unit) 20B where the TSI func- 
tion local to the MDS backplane is performed. The TDM 
voice data is then passed to the DISC ★ S® Common 
shelf 20C co-located in the same frame as the MDS 
shelf 20F. 

[0047] The DISC <* S® Common Shelf 20C performs 
call processing and provides a TR-008 or GR-303 inter- 
face to the voice switch. The Common Shelf 20C imple- 
ments a non-blocking 672 x 672 channel Time Slot In- 
terchanger. The Common Shelf implementation of GR- 
303 is fully compliant to Telcordia requirements and has 
been certified with all the major switch vendors' equip- 
ment. The GR-303 implementation includes flexible 
concentration. 

[0048] The Common Shelf 20C further includes a 
Fuse and Alarm Panel that monitors the MDS shelf 20F 
as well as the Common Shelf 20C elements. The Fuse 
and Alarm Panel includes 1 6 alarm contacts that can be 
used to monitor other equipment, such as the Optical 
Video Distribution equipment. 

[0049] The 1 31 Onm optical signals 28 received by the 
OOIU81 cards 20A in the MDS shelf also include Eth- 
ernet data packets from the HNUs 50. In similar fashion 



to the voice traffic, the QOIU81 20A removes the data 
packets from the digital signals derived from optical to 
electrical conversion of the signals received from all four 
fibers terminated at the card. The QOIU81 20A multi- 
5 plexes the Ethernet data packets onto a single 
1 0OBase-T output 20G. The 1 0OBase-T output 20G car- 
ries data traffic from 1 6 homes consisting of up to 4 PP- 
PoE sessions each. The 100Base-T signal from each 
QOIU81 20 A is connected to an external Data Aggre- 
10 gation device 22 over CAT-5 wiring in the CO. 

[0050] The Data Aggregation device(s) 22 aggre- 
gates the Ethernet traffic from the QOIU81s 20A in the 
MDS shelf(s) 20F. The output of the Data Aggregation 
device 22 is connected to the telephony service provid- 
es er*s Data Transmission Backbone 26A, 26B. 

D. Element Management Systems 

[0051] A Supervisory System (SS) platform 20E is 
20 connected to the FTTH system 1 0 via the Central Office 
Termial (COT) 20D. The COT provides a control path 
DS1 to the Common Shelf 20C which carries control 
messages to/from the MDS shelf 20 F and to the HNU 
50 via the fiber link. The SS 20E is connected to the 
25 COT 20D via a RS-422 connection. One COT 20D con- 
trols up to 16 Common shelves 20C. 
[0052] The SS 20E provides the interface to the sys- 
tem operator's Operational Support Systems (OSS). 
The SS manages tasks such as System Configuration, 
30 Provisioning, Maintenance, Inventory, Performance 
Monitoring and Diagnostics. 

[0053] Turning now to the remaining drawing figures, 
FIGs. 3-14 describe another exemplary embodiment of 
the present invention. 

35 [0054] FIG . 3 sets forth an overview of a FTTH system 
10, which is based on the DISC ★ S® NGDLC system 
mentioned above, and more specifically, the 
DISC ★ S® MX system. This system 10 transports te- 
lephony, Packet data, CATV and DBS signals to the var- 

40 bus subscribers via the optical network 44, 46, 48. In 
the upper left-hand comer of the Figure is a DISC ★ S® 
central office terminal (COT) 20D, which provides a 
TR57 UDLC interface to the central office for DS-0 te- 
lephony service. The DISC ★ S(B> COT 20D has an el- 

45 ement manager 20E associated with it for managing the 
system, assigning service, cross-connects, monitoring 
alarm report history, elc. The DISC ★ S® HDT 20C is 
the remote terminal end of the DISC * S® platform. In 
this system, the HDT unit 20C is supplied in the central 

50 office rather than being out in the field in a cabinet where 
it's typically located in a digital-loop carrier application, 
such that it is co-located with the central office terminal 
COT. Tho DISC S® HDT 20C communicates directly 
to a class-5 digital switch via the TR08 or TR303 stand- 

55 ards for integrated digital loop carrier applications. The 
DISC ★ S® HDT 20C includes a common equipment 
shelf 20C and a matrix distribution shelf 20F. The com- 
mon equipment shelf 20C includes circuitry for handling 
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telephony information, and the matrix distribution shelf 
20F includes circuitry for combining the processed te- 
lephony information with Ethernet Packet data for dis- t 
tribution to the subscribers. 

[0055] The matrix distribution shelf 20F is normally 
used in DLC applications to provide distribution to opti- 
cal network units (ONU's) using Quad OIU (QOIU) cards 
20A. In the present invention, however, the Quad OIU 
cards 20A have been modified (as described below) to 
support the multi-media services provided in the FTTH 
system 10. Each Quad OIU card 20A has a 100 Base- 
T interface that interfaces to an Ethernet switch 22 going 
upstream for Internet service providers (ISPs) 26B. The 
Ethernet switch 22 is coupled to a PPPOE server 26A, 
which controls customer access to the ISPs 26B. This 
interface is utilized because typically the access loop 
provider (i.e., the telephone companies) cannot be an 
ISP themselves; Instead, they provide the access, and 
transport mechanisms to various ISPs, including their 
own brand of ISP. for example. 

[0056] Internet access is provided via a plurality of 
100 Base-T connections 20G, which are preferably 
shared over 16 HNUs 50. The data connection is cou- 
pled to the QOIUs 20B in the MDS shelf 20A r where the 
various 100 Base-T signals are combined, and then 
coupled to the SWX element 30 via a 1310 nanometer 
wavelength 2 optical fiber 28. 

[0057] The SWX element 30 is an optical distribution 
system. It includes WDMs that combine the 1310 na- 
nometer signal 28 from the QOIUs 20A with a 1550 na- 
nometer optical video signal 32 from the FOA 38E into 
one combined optical signal to feed the fibers 44 going 
out towards the subscribers. In addition, the SWX 30 
includes a 1-for-32 splitter for the 1550 nanometer sig- 
nal in order to share it over multiple fibers 44. 
[0058] The bottom left-hand comer of FIG. 3 shows 
the CO circuitry for interfacing with sources of analog/ 
digital broadcast TV (i.e., CATV VOD, etc.) and DBS 
signals 40, 42 (the optical video distribution circuitry). 
These signals 40 ; 42 are input to a CDX 38A. The CDX 
38A is a CATV-DBS transmitter. The CDX 38A com- 
bines the CATV and DBS signals 40, 42 into a combined 
optical video signal at 1550 nanometers, which is sub- 
sequently distributed to a large number of HNUs 50. 
[0059] The output of the CDX 38A is coupled to a 
booster FOA (preferably an Erbium Fiber Doped Ampli- 
fier) 38B. which takes the combined optical video signal 
and amplifies it to provide 3 outputs of 20 DBM optical 
each. These 3 outputs are then coupled through 1-for- 
16 splitter on each of the 3 outputs, and each one of 
those 16 outputs then drives a second FOA 38E with 8 
outputs. The outputs from the second FOAs 3BE arc 
then coupled into the SWX 30, and go into a 1-for-32 
splitter, which is combined in a WDM with a 1310 na- 
nometer signal from each of the 4 OIUs on a Quad OIU 
card 20A in the MDS shelf 20F. These signals are then 
routed to an optical mainframe 62, which is a cross-con- 
nect for the fibers, and out to a 1 -to-4 splitter 46 going 



to the individual home network units 50. In this manner, 
one CATV feed 40 can support 3x1 6x8x32x4 , or approx- 
imately 50.000 subscribers. 

[0060] Each subscriber has a Home Network Unit 
5 (HNU) 50 preferably mounted inside their home. Cou- 
pled to the HNU 50 is a power module 64. The power 
module 64 takes 1 20 volts AC, drops it down to 1 2 volts 
DC, and feeds DC power to the home network unit 50. 
The power module 64 is external to the HNU 50 so that 
10 it handles all the UL requirements and other safety re- 
quirements as an external module. There maybe an op- 
tional battery backup box plugged into the home net- 
work unit 50 in order to maintain telephony communica- 
tion in the event of a power failure. 
75 [0061] The home network unit (HNU) 50 takes the 
1550 nanometer downstream video signal 32, and re- 
covers the 50-750 MHz band as CATV or other types of 
TV signals. It also splits off approximately 950 to 2050 
MHz for direct broadcast satellite (DBS) signals and dis- 
20 tributes that to the home. The HNU takes the 1310 na- 
nometer voice/data signal 28 and derives the Packet da- 
ta service 54 (Ethernet), which preferably supports a 
10Base-T interface to the subscriber's computers, and 
i.e., the POTS service 56 that supports 3 telephone lines 
25 per subscriber. 

[0062] Each Quad OIU card 20A at the central office 
12 supports 4 fibers, and with the 4-to-1 split on each 
one of these fibers, 16 home network units 50 can be 
coupled to one Quad OIU card 20A. The sixteen 
30 lOBase-T interfaces 54 in the homes are aggregated 
into a single 1 00 Base-T interface 20G back into the Eth- 
ernet switch 22 at the central office 12. In this manner, 
one 1 00 Base-T port supports 16 homes. 
[0063] FIG. 4 is a block diagram showing TCP/IP data 
35 transport over an Ethernet connection in the system of 
the present invention. This figure depicts data flow from 
the PPPOE broadband remote access server 26A to the 
individual 10Base-T connections of the HNUs 50. From 
the PPPOE server 26A. the data connections fan out 
*o through Ethernet switches 22. Each Ethernet switch 22 
supports multiple 100 Base-T interfaces 20G to each 
Quad OIU card 20A, which in turn supports 4 fibers, or 
16 HNUs 50, each having a 10 Base-T connection. 
[0064] Via this connectivity, the subscriber can con- 
45 nect their computer via Ethernet to the home network 
unit 50. The subscriber installs a PPPOE client on their 
computer thai allows them to access ISPs through a di- 
al-up networking client. Thus, to the subscriber soft- 
ware, the Ethernet connection looks just like a dial-up 
50 connection, but their is no dialing (as with a modem), 
and the connection is always active. The subscriber can 
drop a connection and make a connection to another 
ISP or to their corporation or to some other source. The 
traffic capacity downstream in this configuration is pref- 
55 erably 10 Mbps, with upstream capacity at 4.516 Mbps, 
as limited by the TDMA PON signaling scheme, dis- 
cussed below with reference to FIG. 7. Note that be- 
cause the architecture of the invention is inherently scal- 
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able and only limited by the ability to transport light down 
the fibers, in the future other higher-speed data servic- 
es, such as 100Base-T and even Gigabit Ethernet and 
beyond could be implemented to the HNUs 50. 
[0065] FIG. 5 is a block diagram showing POTS te- 
lephony transport in the system of the present invention. 
Here, the telephony data is packetized and routed to and 
from a class 5 digital switch 18 in the central office 12, 
and it interfaces to the DISC ★ S® MX common equip- 
ment shelf 20C. The common equipment shelf 20C in- 
cludes all of the circuitry necessary for proper routing 
and processing of the telephony data, such as an inte- 
grated Time-Slot Interchanger (TSI). From the 
DISC ★ S<B> MX shelf 20C there are a plurality of ribbon 
cables coupling the common shelf 20C to the matrix dis- 
tribution shelf 20F. The MDS Shelf 20F includes one or 
more drop processorunit cards 20B and a plurality Quad 
OIU cards 20A. From the QOIU cards 20A there are a 
plurality of fibers 44. Each fiber is coupled lo a plurality 
of passive optical splitters 46, which preferably split off 
to service four HNUs 50. Each HNU 50, in turn, provides 
3 POTS lines to a subscriber. Thus, each fiber 48 sup- 
ports 12 POTS lines. 

[0066] The voice (telephony) information is handled 
in the system by configuring the voice data into packets 
and transporting these voice packets over the fibers 48, 
44 back to the common equipment shelf 20C at the cen- 
tral office 12. Thus, the system of the present invention 
provides packetized voice transport In the local loop. In 
the present invention, the packetization of the voice traf- 
fic is carried out at layer 2 of the OS I standard commu- 
nication layer model, which provides many advantages 
over other packet voice transport schemes, such as IP 
telephony, including greater bandwidth management 
flexibility, lower latency, etc. 

[0067] In the present invention, the logical pipe for 
transporting the voice traffic is shared on a point-to-point 
basis between the home network units HNUs 50 and the 
Quad OlUs 20A, and voice traffic is prioritized over up- 
stream data traffic. A special cut-through feature is im- 
plemented at the HNU 50 so that when a voice packet 
is ready to transmit, any data packet currently being sent 
is paused and the voice packet is cut-through for imme- 
diate transmission. This is done to prevent voice pack- 
ets from having to wait until a targe data packet com- 
pletes transmission, which could take several TDM 
bursts. Once the voice packet has been transmitted, and 
assuming there are no other voice packets in the queue 
to transmit, the HNU 50 will then resume data transmis- 
sion. In this manner, the present invention provides su- 
perior packet voice transport versus IP telephony. 
[0068] FIG. 6 is a circuit schematic of a preferred op- 
tical transceiver employing echo cancellation for uso 
with the system of the present invention. In the present 
invention, voice traffic is transmitted on the 1 31 0 nm sig- 
nal, both upstream and downstream using directional 
multiplexing. With this technique, upstream and down- 
stream light signals at 1310 nm are simultaneously 



transmitted on the same fiber. In order to accomplish 
this technique, the system must minimize reflections on 
the fiber so that echoes from a transmitter on one end 
of the fiber are not received by the receiver on the same 

s end of the fiber. There are several methods employed 
in the FTTH system 10 for minimizing reflections and 
echoes. One mechanical method is to use all-fusion 
splicing for the fiber connections. Another mechanical 
method is to use an angled connector that has very low 

10 reflection where the fiber couples to the electronics at 
the central office 12. A third method is the use of a spe- 
cial optical transceiver with echo cancellation, which is 
shown in FIG. 6. Using this circuit, any echoes created 
by the transmitter are detected and compensated for us- 

15 jng the echo cancellation circuitry in order to reduce the 
near end cross talk between the transmitter and receiver 
on the one end of the fiber. 

[0069] The circuit shown in FIG. 6 shows an exempla- 
ry optical transceiver having an echo cancellation cir- 

20 cuit. The circuit builds upon the digital laser driver circuit 
described in more detail in co-pending application S/N 
09/539,395, titled "Digital Laser Driver Circuit;* the 
teaching of which has been incorporated into this appli- 
cation by reference. The digital laser driver portion of 

25 the circuit shown in FIG. 6 includes an FPGA 70 for syn- 
chronizing the digital modulation signal, which is prefer- 
ably NRZ-typo modulation 70A, a laser diode driver cir- 
cuit including driver transistor 80, resistors 74 and 82, 
and capacitor 76, laser diode 86A, back-facet photodi- 

30 ode 86B (along with current setting resistor 84), a mod- 
ulation monitor circuit 88 which is fed back to the digital 
FPGA 70 to control the modulation synthesis, and an 
automatic power control feedback loop 90, 78, which 
controls the power levels of the laser diode 86A. 

35 [0070] The echo cancellation portion of the circuit in- 
cludes receiver photodiode 92, amplifier 1 02, and asso- 
ciated circuitry 1 04, 1 08, 1 1 0, a RISC processor 1 1 2, an 
echo canceller clock 70B in the digital FPGA 70, and a 
filter 94, 96, 98. The echo canceller circuit generates a 
signal that emulates the near and cross-talk signal 
(NEXT) and provides a cancellation signal into the neg- 
ative input of the amplifier 102, thus compensating for 
the near end cross talk. 

[0071] This circuit operates slightly differently de- 
^5 pending upon whether it is located at the QOIU 20A or 
the HNU 50. At the HNU 50, the transmitter is not always 
transmitting, so the RISC processor 112 can measure 
the difference in receive light level when the transmitter 
is transmitting and when it is not. The RISC processor 
50 112 can then adjust the strength of the transmit cancel- 
lation signal output from the echo canceller block 70B 
until there is no difference in receive level when the 
transmitter is on, thus nulling the near end crosstalk sig- 
nal. 

55 [0072] When operating At the QOIU 20A, the RISC 
processor 112 adjusts the echo canceller block 70B at 
power up before allowing the HNUs 50 to start transmit- 
ting. Then it will monitor the canceller during the guard 
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times between HNU transmissions. The NEXT signal 
has no variable delay with respect to the transmitted sig- 
nal. Thus, a variable level version of the transmitted sig- 
nal can be introduced into the receive transimpedance 
amplifier 102, 104 to cancel the NEXT signal. 
[0073] The RISC processor 1 1 2 has an analog to dig- 
ital converter on chip. It will monitor the average receive 
signal from the transimpedance amplifier 102, 104 and 
instruct the FPGA 70 to either increase or decrease the 
cancellation signal until the proper cancellation level is 
achieved. 

[0074] FIG. 7 is a data protocol diagram showing a 
full-duplex Passive Optical Network (PON) protocol with 
TDMA return methodology fcr use with the system of 
the present invention. The top portion 1 20 of the drawing 
shows the downstream transmission from the central of- 
fice equipment 12 to the HNUs 50. This downstream 
transmission preferably operates at 25 Mbps (with 20 
Mbps payload) and is 8B1 0B encoded to provide packet 
delineation and also to minimize baseline wander. The 
downstream protocol includes a 1.6 us long burst ID 
120A, which contains information that instructs each 
HNU (of the 4 in a group) which upstream return slot to 
use for transmission. The remainder of the downstream 
protocol is a 205.2 us long data stream 1 20B. The Burst 
ID 120A also may include information that indicates 
which home network units 50 are active so as to mini- 
mize the chance for interference in the upstream data 
path between the HNUs 50 in a group, particularly when 
a new HNU 50 is connected to the fiber network for the 
first time. 

[0075] Each home network unit 50 senses the Burst 
ID in the data protocol so as to know which upstream 
time slot (of the four) to communicate in within the up- 
stream TDMA data stream, and also to know which oth- 
er HNUs 50 in the group are active. Information regard- 
ing which HNUs 50 in the group are enabled and trans- 
mitting in the TDMA frame is important in the event that 
a new HNU 50 is connected to the passive optical net- 
work. In this situation, the newly attached HNU 50 looks 
first to see whether other HNUs 50 are active in the 
group of 4, so that the new HNU 50 won't start transmit- 
ting on any of their time slots. The four HNUs 50 in a 
group share an 827. 2us payload 122 consisting of four 
burst payloads, one from each of the four HNUs 50. The 
burst payload includes a preamble 122A that provides 
clock recovery and symbol synchronization, followed by 
the HNU data 1 22B, and then a post amble 1 22C, which 
indicates when a particular HNU 50 has finished trans- 
mitting in its time slot. Some guard time is provided be- 
tween the post-amble 122C of one HNU time slot and 
the preamble 122A of the next time slot. The guard time 
can be kept relatively short in the present invention 
(preferably about 13 microseconds) since the 4 HNUs 
50 are preferably within 1km of the 1 ;4 splitter 46. By 
keeping the 4 HNUs 50 within a kilometer of each other, 
their signal delay relative to each other is less than 1 0 
microseconds, and thus only 1 3 microseconds of guard 



time is needed between transmissions. 
[0076] FIG. 8 is an electrical block diagram of a Quad 
Optical Interface Unit (QOIU) card 20A operating at the 
CO terminal equipment 12 in the system of the present 

5 invention. The QOIU card 20A includes four FPGAs, a 
common FPGA 134, a data FPGA 132, and two framer 
FPGAs 130A, 130B. Other circuitry on the QOIU card 
20A includes a 1 28Kx36 Synchronous RAM (SyncRAM) 
140 coupled to the Data FPGA 132, a RISC processor 

10 136, a 64Kx16 SRAM coupled to the common FPGA 
134, four electrical/optical (E/O) transceivers 142, 
wherein each E/O block 142 is coupled to one optical 
fiber, which is in turn coupled to four HNUs 50, and a 
100Base-T Ethernet PHY (Physical) integrated circuit 

15 144 for communicating with the Ethernet switch 22 in 
the Central Office 12. 

[0077] The common FPGA 1 34 is coupled to the DPU 
20B in the MDS shelf 20F, and handles all the telephony 
processing, including the voice packetizalion, etc. Voice 

20 communication, alarms, and management and provi- 
sioning are handled through the drop processor unit 
20B. The data FPGA 1 32, communicates to a 1 00 Base- 
T PHY circuit 144, which is the fast Ethernet interface 
to the Ethernet switch 22. The data FPGA interfaces to 

25 the 100 Base-T PHY 144, and it aggregates packets 
coming from all 1 6 HNUs 50 upstream through the four 
E/O transceiver blocks 142. The Data FPGA 132 in- 
cludes a separate upstream buffer for each of the 16 
HNUs 50 in a high-speed 1 28k by 36 synchronous RAM 

30 140. The Data FPGA 132 also includes a separate 
downstream buffer for each HNU 50. In this manner, the 
Data FPGA 132 takes data from the 100 Base-T PHY 
interface 155, buffers it up for each of the fibers and 
sends it to the fibers as fast as it can, and it takes data 

35 from the 1 6 HNUs 50, puts it all together, and prioritizes 
it, and sends it out over the 100 Base-T PHY 144 to the 
Ethernet switch 22. 

[0078] Each Framer FPGA 130A, 130B includes two 
framers (as shown in more detail below in FIG. 14.) Each 
40 framer is coupled to one of the E/O converters 1 42. and 
controls the framing of voice/data packets within a given 
fiber connection 28. 

[0079] Also coupled to the FPGAs is a RISC proces- 
sor 136. The RISC processor 136 stores Ethernet MAC 

45 addresses for each QOIU 20A and HNU 50. Since both 
voice and data are packetized in this system, the QOIU 
20A needs to know the various MAC (Media Access 
Control) addresses of the HNUs 50 so as to enable prop- 
er packet delivery down the fiber network. MAC ad- 

50 dressing is commonly known in the art of Ethernet pack- 
et data transport. The Quad OIU card 20A has an Eth- 
ernet MAC address. When a particular HNU 50 is at- 
tached to the system, the HNU 50 starts sending pack- 
ets, which are typically voice packets, upstream towards 

55 the Quad OIU 20A with the HNU's source MAC address 
embedded in these packets. The packets from the par- 
ticular HNU 50 are routed into the common FPGA 134 
and stored in the SRAM 138. Each time the common 
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FPGA 134 detects a new HNU 50, it interrupts the RISC 
processor 136, and the processor 136 goes out and 
learns the MAC address of the new HNU 50 so that the 
QOIU 20A knows how to properly address downstream 
packets to that HNU 50. The processor 136 then pro- 
grams the common FPGA 134 so as to respond with a 
voice stream of packets that are directed towards the 
proper HNU 50. 

[0080] FIG. 9 is an electrical block diagram of the HNU 
50. The HNU 50 is a unique part of the FTTH system 1 0 
that provides complete, broadband, multi-media access 
for a single subscriber, as described generally above. 
The HNU 50 is a locally-powered advanced network de- 
vice that provides 3 telephone POTS connections, a bi- 
directional 10Base-T Ethernet connection, a CATV co- 
axial connection 50, and a DBS digital TV connection 
58. These connections, which are preferably located 
along a single strip on the bottom of the HNU unit 50, 
are subsequently connected to the internal phone, data, 
and TV wiring of the subscriber's home or business, and 
then coupled to the phones, computers, TVs and other 
peripherals of the subscriber. 

[0081] As described in more detail in co-pending ap- 
plication S/Ns 29/1 20,491 , titled "Wall-Mounted Home 
Network Unit/' and S/N 60/186,486, titled "Home Net- 
working Unit", tho HNU 50 is a plastic housing that in- 
cludes aplurality of media connections configured along 
a bottom edge of the housing. An external power supply 
is provided that connects to an AC output and converts 
the 120 VAC power level into a 12VDC signal to power 
the electronics in the HNU 50. The external power sup* 
ply may also include an optional 9VDC battery backup, 
which provides telephony power in the event of a power 
failure. The HNU 50 preferably includes a plurality of 
LEDs that provide an indication of the status of the de- 
vice, such as whether there has been an error, or wheth- 
er the unit is operating normally. Inside the HNU 50 is a 
single circuit card that is snap-fit into the unit, and thus 
requires no fasteners. This type of construction makes 
it very simple to upgrade the HNU 50 to other or more 
powerful multi-media services in the future. The single 
circuit card holds the circuitry shown in FIG. 9. A fiber 
splicing tray is mounted in the lid of the HNU housing, 
as shown and described in more detail in co-pending 
application S/N 09/520.587, titled "Splice Tray for use 
in Splicing Fiber Optic Cables and Housing Therefor." 
An input fiber 48 is routed into the HNU 50, coupled to 
the fiber splicing tray and fiber 1 74, and then coupled to 
the QuPlexer™ module 52 mounted on the circuit card. 
[0062] Turning now to the functional circuitry of the 
HNU 50 shown in FIG. 9, the left hand side of the draw- 
ing shows the powor conditioning and distribution cir- 
cuitry of the HNU 50. A 12 volts DC line from the external 
AC-to-DC converter is input to the HNU 50, along with 
an optional 9 VDC backup power line from the external 
battery pack. These inputs are diode or-ed together via 
diodes 184 and 186, and then supplied to the three buck 
converters 176, 17B, 180, and the battery monitor 182. 



The three buck converters generate various voltages 
used by the HNU 50. such as 6.2 volts, 5 volts and 3.3 
volts. The QuPlexer™ circuit 52 is coupled to the 12 
VDC line and the 6.2 volts from the buck converter 1 76. 

5 [0083] The QuPlexer™ 52 is a module that handles 
all the optics, optical to electrical conversions O/E and 
E/O, and optical multiplexing/demultiplexing of the var- 
ious multi-media signals serviced through the HNU 50. 
An inpul fiber 174 couples to the QuPlexer™ 52, and 

10 carries the 1 550 nm video information and the 1 31 0 nm 
telephony and data information. The QuPlexer™ re- 
ceives the 1550 nm video signal, isolates it from the 
131 0 nm signal, converts it to a corresponding electrical 
signal, and routes that signal to the CATV connector 1 72 

15 and the DBS connector 172 for distribution to the TV 
and other peripheral devices in the subscriber's home 
that are connected to the CATV coax 60 or the DBS coax 
58. The operation of the QuPlexer™ Is described in 
more detail in co-pending application S/N 09/395,844, 

20 titled "Apparatus and Method for Extracting Two Distinct 
Frequency Bands from Light Received by a Photodi- 
ode," which has been incorporated into the present ap- 
plication by reference. 

[0084] The QuPlexer™ 52 is, in turn, coupled to the 

^5 laser driver 162 and the receiver 160. The lasor driver 
may be similar to that shown above in FIG. 6. The laser 
driver 162 provides electrical voice/data signals to the 
QuPlexer™ 52. which are then converted into optical 
upstream signals at 1 310 nm. 

30 [0085] The laser driver 1 62 and the receiver 1 60 are, 
in turn, coupled to a control FPGA 150, which includes 
a 25 MHZ voltage-controlled phase-locked loop (PLL) 
1 52 that locks onto the downstream optical 1 3 1 0 nm sig- 
nal to recover the data packets. An SRAM 154 is also 

35 coupled to the control FPGA 150 for buffering packets 
and voice data. A RISC controller 158 is coupled to the 
control FPGA 1 50, and stores the MAC address for the 
HNU 50 and also handles the learning of the Quad OIU 
card 20 A address so that the HNU 50 addresses its 

40 voice packets correctly. 

[0086] A Quad PCM combo CODEC 156 is coupled 
between the control FPGA 150 and the three POTS cir- 
cuits, and performs mu-law companding/expanding of 
the voice signals from the POTS lines. The three POTS 

45 circuits include a ringing SLIC (subscriber line interface 
circuits) 56, an RJ 11 jack 164, and an inverting DC- 
lo-DC converter. The inverting DC/DC converter takes 
the input 12 VDC or 9 volt battery level and converts it 
to a negative 24 to 70 volts that is needed for powering 

50 the drop telephone line circuit to the home subscriber's 
telephones. When the circuit Is ringing, 75 volts is output 
from the inverting converter 166 t and when the line is 
off-hook, 24 volts is output from the inverting converter 
166 in order to make the circuit more power efficient. 

55 [0087] The control FPGA 1 50 also drives the 10Base- 
T Ethernet PHY 54, which is an integrated circuit that 
handles the physical layertransport of Ethernet packets 
to and from the subscriber's data network. Coupled to 
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the Ethernet PHY 54 is a transformer 170 and then the 
RJ45 jack 1 68 for the 1 0Base-T connection. 
[0088] The HNU 50 also includes a test interface 1 88, 
and a battery monitor circuit 1 82 for monitoring the sta- 
tus of the external battery pack. 

[0089] FIG. 10 is a data flow diagram showing the 
coupling between a QOIU 20A at the central office ter- 
minal and one HNU 50 located at the subscriber's 
premises. As shown in more detail in FIG. 8, the QOIU 
20A includes the data FPGA 132 and the common FP- 
GA 134 and the two framer FPGAs 130A, 13B, with two 
framers included in each one of the framer FPGAs. 
Thus, there are four framers on each QOIU card 20A. 
Also shown are the E/O (Electrical/Optical) transceiver 
blocks 142 : the RISC processor 136, the SRAMs 140, 
138, and a pair of VCXOs operating at 25 and 37 MHz, 
respectively. As noted above, the data FPGA 1 32 is cou- 
pled to the 100Base-T line through the Ethernet PHY 
integrated circuit 144, and the common FPGA is cou- 
pled to the DPU 20B. 

[0090] The framers within the Framer FPGA 130A, 
130B (described in more detail below in reference to 
FIG. 14) aggregate the voice signals coming from the 
common FPGA 134 and the data signals coming from 
the data FPGA 1 32, and merges them together for cou- 
pling to the downstream fiber 44/48. Upstream voice/ 
data information is also coupled to the framer, which 
routes the voice packets to the common FPGA 1 34 and 
routes the data packets over to the data FPGA 1 32 from 
which they are coupled to the 1 00 Base-T interface 1 44. 
[0091] At the HNU 50, the 1310 nm downstream 
voice/data Packet signals are received by the QuPlex- 
er™ 52, extracted and converted into corresponding 
electrical signals, and routed to the HNU control FPGA 
150. From here, the voice packets are extracted and 
routed to the three POTS lines 56, and the data packets 
are extracted and routed to the Ethernet PHY 1 OBase- 
T interface 54. Also shown at the HNU 50 are the RISC 
processor 1 58, the 25 MHZ VCXO 1 52, and the support 
SRAM 154. Upstream voice/data information from the 
POTS lines and the Ethernet connection are packetized 
at the FPGA 150 and routed to the QuPlexer™ 52 for 
conversion lo 1310 nm optical signals to launch onto the 
fiber network 44/48 back to the QOIU card 20A. 
[0092] FIG. 11 is an electrical block diagram showing 
the logical components of the control Field Programma- 
ble Gate Array (FPGA) 150 operating within the HNU 
50. Beginning at the upper left comer of the figure, the 
Receiver (Rx) fiber interface block 200 is coupled to the 
optical receiver and receives packets of information. If 
those packets match the MAC address of the HNU 50, 
they are deemed to be voice packets destined for this 
HNU's telephony interface, and are routed down to the 
received (Rx) DS-0 packet handler 222, where they are 
stored into a receive EAB 226. The EAB 226 is an em- 
bedded RAM. This received voice information is then 
fed out smoothly to the CODEC interface 230, and rout- 
ed off-chip to the Quad CODEC 156. Voice information 



24 

coming into the CODEC 156 is transferred on-chip 
through the CODEC interface 230, from which it is rout- 
ed into a transmit EAB 228 where it is buffered. The 
transmit (Tx) EAB is also an embedded RAM. Typically, 

5 4 milliseconds of speech is buffered in the Tx EAB 228 
before a new voice packet is generated. The transmit 
DS-0 packet handler 224 transmits a new packet to- 
wards the Quad OIU 20A at the central office 12 every 
4 milliseconds via the Tx Fiber interface 202, which is 

io coupled off -chip to the laser driver 162 and then the 
QuPlexer™ 52. Three SLIC interfaces 232 are also cou- 
pled to the Rx and Tx DS-0 packet circuitry 222, 224, 
and control the ringing SLICs 56. 
[0093] A RISC processor interface 234 is included in 

is the FPGA, and is used to communicate information be- 
tween the control FPGA 150 and the off-chip RISC proc- 
essor 158. This is provided so that the processor has 
access to read and write In the EABs so that it can learn 
the MAC address ol the Quad OIU 20A for packet rout- 

20 ing. 

[0094] As noted above, if the received packet at the 
Rx Fiber interface 200 matches the HNU's MAC ad- 
dress, it is routed to the receive DS-0 handler 222. If the 
address of the packet doesn't match the MAC address 
25 of the HNU 50, then the packet is routed to the receive 
memory controller 206, whore it gets stored in the 64k 
by 16 SRAM 210. Packets are also monitored coming 
downstream from the home devices to the HNU 50 : and 
if it matches a MAC address that has already been 
30 learned by the HNU 50 as being associated with periph- 
erals coupled to the Ethernet PHY 54, then the packet 
gets forwarded on to the Ethernet connection. If the 
MAC address doesn't match a learned MAC address at 
the HNU 50, then it is discarded so that only packets 
35 destined to MAC addresses at the particular subscrib- 
er's home actually go through the HNU 50. In this man- 
ner, packets associated with other HNUs 50 are not vis- 
ible to the other HNUs 50 on the fiber network. 
[0095] The receive memory controller 206 writes 
•to those packets with learned MAC addresses into the 
SRAM 154 via the memory interface 210. The transmit 
memory controller 21 2 then reads the stored data pack- 
ets out from the SRAM 154 via the memory interface 
21 0, and sends them to the receive Ethernet MAC 214, 
*3 and out to the Receiver Ethernet PHY 54 for physical 
transport to the subscriber's data network. 
[0096] Data traffic coming from the subscriber's net- 
work is received by the transmit Ethernet PHY 54, and 
is routed on-chip to the Tx Ethernet MAC 21 8, onto the 
so Rx Memory controller 220, and is written into the SRAM 
154 via the memory interface 210. Also shown here is 
a Rx Ethernet monitor 21 6, which monitors the incoming 
data traffic from the subscriber's network and learns the 
MAC addresses associated with computers (or other 
55 devices) In that home. These MAC addresses are stored 
and utilized by the Rx Memory controller 206 in deter- 
mining whether received data packets from the QuPlex- 
er™ 52 should be routed onto the subscriber's Ethernet 
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connection or dropped. In one embodiment of the inven- 
tion, the system only carries PPPOE traffic, and there- 
fore the Rx Ethernet Monitor 216 is configured to learn 
only those MAC addresses associated with PPPOE traf- 
fic. In this manner, the subscriber can have a home net- s 
work in their house with a number of computers, but only 
those machines that communicate using PPPOE can 
send/receive data outside the home network. 
[0097] The transmit memory controller 208 reads data 
packets out from the memory 1 54 via the memory inter- 10 
face 21 , and routes them out to the transmit fiber inter- 
face 202, where the data packets from the Ethernet con- 
nection are merged with the voice traffic. The transmit 
fiber interface 202 prioritizes voice packets from the Tx 
DS-0 packet generator 224 so as to reduce any latency 15 
that may be added to the voice traffic in the event of a 
large data packet from the Tx memory controller 208. If 
a large data packet is already in the process of being 
transmitted, the Tx Fiber Interface will pause transmit- 
ting that data packet and cut-th rough to the voice-packet 20 
from the Tx DS-0 packet generator 224 in order to en- 
sure that the voice packets are prioritized, thereby re- 
ducing the roundtrip latency imposed on voice traffic 
within the system. 

[0098] FIG. 1 2 is an electrical block diagram showing 25 
the logical components of a Data FPGA 132 operating 
within the QOIU card20A. The Data FPGA 1 32 includes 
a plurality of Rx Framer interfaces 244, a plurality of Rx 
HNU Handlers 246, a Tx Ethernet controller 252, a Tx 
Ethernet 1 0OBase-T MAC 254, a Rx Ethernet 1 0OBase- 30 
T MAC 256 a Rx Ethernet Controller 258, a Tx Framer 
Interface 248 : and a memory interface 250 to the 
128Kx36 SyncRAM 140. 

[0099] Referring back to FIG. 1 0, there are preferably 
4 fibers coming in to 4 transceivers 1 42, that go through 35 
the 4 framers 130A, 130B. Each of those 4 framers 
130A, 130B examine the data packets to determine 
whether a particular packet is a voice packet or a data 
packet. If the packet is a voice packet, then the framer 
sends rt to the common chip 134, and if the packet is a 40 
data packet or associated with a MAC address other 
than the Quad OIU's 20A MAC address, it sends the 
packet to the data FPGA 132. 

[0100] Turning back to FIG. 12, then, there are 4 re- 
ceive framer interfaces 244 for each of the four framers 45 
on the QOIU card 20A, one for each fiber. Each fiber 
supports 4 HNUs 50, and thus there are 4 receive HNU 
handlers 246 for each fiber, for a total of 1 6 receive HNU 
handlers 246. Each of the HNU handlers 246 includes 
a separate state machine for receiving incoming pack- so 
ets. The HNU Handlers 16 then couple to the memory 
interface 250, where the packets are written into the syn- 
chronous SRAM 140, wherein the data for each HNU 
50 is written into a separate memory buffer. 
[0101] In the upstream direction, each time the re- 55 
ceive handler 246 puts a packet in the memory 140 it 
sends an increment command to the transmit Ethernet 
controller 252. The transmit Ethernet controller 252 has 
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a counter for each of the HNUs 50. so it knows how 
many packets are in the RAM 140. The controller 252 
includes a scan state machine that scans the HNU buff- 
ers in the SyncSRAM 140 to identify traffic that needs 
to be sent. This traffic is then spooled out of the RAM to 
the transmit Ethernet 1 00 Base-T MAC, which is : in turn, 
coupled to the transmit Ethernet PHY 144 for routing to 
the Ethernet switch 22 at I he central office 12. 
[0102] Data packets coming into the Quad OIU card 
20A on the 100 Base-T line 20G are received by the 
receive Ethernet PHY 144, and are then coupled to a 
receive Ethernet 1 0OBase-T MAC 256. This MAC circuit 
256 detects the preamble of the Ethernet packet, per- 
forms the CRC checking, etc. If the CRC checking fails, 
or the packet is too short, then the packet is discarded. 
The packets from the MAC 256 are then routed to a plu- 
rality of Rx Ethernet Controllers 258, preferably one for 
each fiber coupled to the QOIU card 20A, from which 
the same packets are written into the buffers for each of 
the four fibers, these buffers being located in the sync- 
SRAM 140. Alternatively, a function could be imple- 
mented on the Data FPGA 132 to learn all the MAC ad- 
dresses coming upstream, so that the system knows 
which MAC addresses are associated with which of the 
four fibers serviced by the QOIU card 20A, and thus a 
particular packet is only routed to tho fiber buffer in 
memory 140 that is associated with that packet's MAC 
address. From the memory 140, the packets are then 
routed out to the four Tx Framer Interface circuits 248 
(one for each fiber), and then routed to the Framer FP- 
GAs 130A, 130B. 

[0103] FIG. 13 is an electrical block diagram showing 
the logical components of a preferred Common FPGA 
134 operating within the QOIU card 20A. The Common 
FPGA 134 includes a PCMR interface block 270 for re- 
ceiving Pulse-Code Modulated (PCM) data from the 
DPU controller 20B, a PCMX interface block 272 for 
transmitting PCM data to the DPU controller 20B, a 
back-plane processor interface 274, which is also cou- 
pled to the DPU 20B, a phase-locked loop block 276, a 
RISC interface block 2 78 , a memory controller block 280 
for Interfacing the circuitry on the common FPGA to an 
associated SRAM 138, a plurality of OIU Receiver inter- 
face modules 282 for interfacing with the framers on the 
Framer FPGA, and a transmit packet generator 292 for 
transmitting packets to the framers. 
[0104] The PCM information to and from the DPU 20B 
gets constructed into memory packets in the SRAM 138 
via the memory controller 280, and these memory pack- 
ets are then routed to the 4 OIU receive interfaces 282, 
or to the transmit packet generator 292. Each of the re- 
ceive interfaces 282 includes a memory controller mul- 
tiplexer284, a plurality or Rx Packet Handlers 286 (pref- 
erably 4, one for each HNU 50 on the fiber), and a Rx 
Packet Demultiplexer 288. Serial data packets from the 
framer on one of the receive lines are demultiplexed by 
the Rx Packet demultiplexer 288 and then routed to the 
appropriate Rx Packet Handlers 286, depending on 
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which HNU 50 the packets are associated with. The out- 
puts from the handlers 286 are then coupled to the mem- 
ory controller mux 284, which combines the four outputs 
from the Rx Packet Handlers 286 into one stream to the 
memory controller 280, and then to the SRAM 138. On 
the downstream side, PCM data packets are built up in 
the memory 138 and routed out to the transmit packet 
generator 292, which transmits the PCM data packets 
to the framers on the Framer FPGA. 
[0105] FIG. 14 is an electrical block diagram showing 
the logical components of a Framer FPGA 130 operat- 
ing within the QOIU card 20A. There are two framers 
within each Framer FPGA 130, although FIG. 14 shows 
the details of just one of those framers. The circuitry 
shown within the block 300 would be replicated below 
for the second framer. Thus, each framer FPGA 130 
supports two fiber interfaces, and thus 8 HNUs 50. 
[0106] The framer 300 (or fiber transceiver) includes 
a receiver 302 and a transmitter 304. The framer receiv- 
er 302 includes a phase detector block 306 comprising 
a plurality of worddetect blocks 308, a TenB Deserializer 
block 310, an Rx Data Decode block 312 including an 
8B10B decoder block, a plurality of Rx Fiber Interlace 
blocks 31 4. a Rx FPGA link for the data signals 316A, 
which is coupled to the Data FPGA, and a Rx FPGA link 
for the voice signals 31 6B, which is coupled to the Com- 
mon FPGA. The transmitter 304 includes a Tx FPGA 
link 322A for receiving data signats from the Data FPGA, 
a Tx FPGA link 322B for receiving voice signals from 
the Common FPGA, a Tx Fiber Interface block 320 in- 
cluding a Tx Parallel Interface, a Tx Parallel-to-Scrial 
Interface, a TenB Serializer, and an 8B10B encoder 
block, and a Tx Data block 318. 

[0107] On the left hand side of the framer 300 is the 
fiber interface. Here, the receive data comes into the 
framer and it is recovered by over-sampling the receive 
data using four separate receivers 306, 306 running at 
100 MHz. These four receivers effectively sample the 
25 Mbps NRZ data signal at 90 degree phases. The 
framer determines which of the four receivers is the best 
receiver in that it is aligned to recover the data accurate- 
ly based on detecting a preamble. Once this is deter- 
mined, the selected receiver locks onto the receive data 
stream. 

[0108] A word detector 308 detects the comma char- 
acter of the 8B1 OB code. Once this symbol is detected, 
the receive data stream is routed lo a 1 0B deserializer 
31 0 that recovers the ten-bit word through a receive data 
decoder 312, which is a 1 0B to BB decoder so that out 
of the 10 bits, the circuit recovers 1 byte of information. 
In these blocks 310, 312 a control word is detected that 
indicates the start ol a packet, the end of a packet, etc., 
which are used by the framer to control the pausing of 
a data packet so that a higher priority voice packet can 
be cut through, as described above, in order to minimize 
the voice packet latency through the FTTH system. 
[0109] From here, the packets are routed to the re- 
ceiver fiber interface 314, which examines the packets 



coming in from each home network unit 50. This block 
314 monitors the traffic from one HNU 50. When the 
home network unit 50 stops transmitting, the next fiber 
interface monitors the traffic from the next HNU 50. and 

5 so on for each of thefour HNUs 50 serviced by one fram- 
er. The receiver fiber interface 314 examines the MAC 
address of the incoming packets from the particular 
HNU 50, and depending on the Ethernet ID, the packet 
is routed to either the data FPGA or the common FPGA. 

10 Different Ethernet IDs in the packets indicate whether 
the packet is a voice packet or a data packet, thus pro- 
viding level-2 voice packetization over the fiber network. 
The FPGA links 31 6A, 31 6B then transport their respec- 
tive data and voice packets to either the Data FPGA or 

is the Common FPGA. 

[0110] On the downstream side, there are links 322A, 
322B from the data FPGA and the common FPGA com- 
ing into the framer. If the framer receives a voice packet 
from the common FPGA, the voice packet gels priority 

20 over any data packets that may be received from the 
data FPGA. If there are no voice packets, then the fram- 
er selects any incoming data packets through the data 
link 322A. There is a handshaking function that takes 
place between the transmitter framer and the data and 

25 common FPGAs so as to ensure smooth packet transfer 
to the transmit fiber interface 320. The interface 320 en- 
codes, serializes and selects the data stream from the 
data links to form a single transmit stream going out as 
transmit data and that gets coupled to the fiber transmit- 

30 ter. 

[0111] FIG. 15 shows an HNU timeslot selection in- 
terface 330 that may be included in the HNUs 50. As 
noted above, each of the four HNUs 50 in a group trans- 
mit upstream to the central office 12 in one of four TDM A 

35 data slots. FIG. 1 5 shows a mechanism for manually se- 
lecting the upstream TDMA time slot for a particular 
HNU 50. An interface 330 is preferably included on the 
single circuit card in the HNU 50. This interface consists 
of four green LEDs 332 and a red LED 334. The four 

40 green LEDs 332 are marked HNU1 , HNU2, HNU3 ; and 
HNU4, and the red LED 334 is marked clear. Also in- 
cluded is a select pushbutton 336. The select pushbut- 
ton is used to select the upstream TDMA timeslot for the 
HNU 50. Each time the pushbutton 336 is depressed, 

45 ihe HNU 50 will cycle from one HNU timeslot to the next, 
and the associated green LED will be illuminated indi- 
cating which HNU timeslot is currently selected. 
[01 1 2] FIG. 1 6A sets forth the methodology 340 of au- 
tomatically selecting an HNU timeslot when power is 

50 first applied to the HNU 50. Beginning at step 342, power 
is applied to the HNU 50, or, as described below, a timer 
interrupt causes the already-powered up HNU 50 to pro- 
ceed to the remaining steps of the method. At step 344, 
the HNU 50 retrieves a pre-programmed HNU timeslot 

55 from memory. The HNU 50 then determines, at step 346, 
if that timeslot is already in use by another HNU 50 in 
the group of four HNUs 50. If the timeslot is not in use, 
then at step 354 the HNU 50 is enabled to communicate 
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on the stored timeslot. At step 356, the LED correspond- 
ing to that timeslot is then illuminated, and at step 358, 
the timer interrupt is disabled. Control then passes to 
step 360, where the HNU 50 is waiting (or an interrupt 
to occur (such as the pushbutton interrupt described 
with reference to FIG. 16B.) 

[0113] If, however, at step 346, the HNU 50 deter- 
mined that the timeslot was in use by another HNU 50, 
then control passes to steps 348 : 350 ; and 352, where 
the HNU is disabled from communicating on that times- 
lot, the clear LED is illuminated indicating that the HNU 
50 is not communicating, and a timer interrupt is ena- 
bled. Control then passes to step 360, where the HNU 
is waiting for an interrupt to occur. Having enabled the 
timer interrupt at step 352, this interrupt at step 360 
could be the timer interrupt or it could be the pushbutton 
interrupt described below. When the timer expires, an 
interrupt is generated that causes the HNU 50 to loop 
back to step 342, and repeat steps 344 to 360. 
[0114] FIG. 16B sets forth the methodology 370 of 
manually selecting an HNU timeslot. If the HNU 50 is 
trying to communicate on a timeslot that is already as- 
sociated with another HNU 50, then the method shown 
in FIG. 1 6A will result in the HNU 50 turning on its clear 
LED to indicate that it is not communicating. Using some 
type of pushbutton 336, switch, or othor type of signal 
generator, a user or installation specialist can cause the 
HNU 50 to select one of the other four timeslots. When 
the pushbutton 336 is depressed, an interrupt is gener- 
ated at step 372. This pushbutton interrupt causes the 
HNU 50 to cycle to the next clear timeslot at step 374. 
This next timeslot is then stored in the HNU memory as 
its new default timeslot. At step 378 the HNU 50 is en- 
abled to communicate on the new timeslot, at step 380 
the correct LED indicator for that timeslot is illuminated, 
and at step 382, the timer interrupt is disabled. Control 
then passes to step 384, where the HNU 50 is waiting 
for another pushbutton interrupt to occur. 
[0115] FIG. 1 7 sets forth a first embodiment of a 1:N 
reflective passive optical coupler for use in a passive 
optical network. The use of this unique reflective cou- 
pler, in combination with advanced half-duplex signaling 
techniques., enables the FTTH systems disclosed here- 
in to achieve higher data transmission rates. The 1 :N 
reflective optical coupler 46 is used in place of the 1 :4 
splitter 46 shown In FIGs. 1-3, and includes a single up- 
stream transmission port coupled to an extension fiber 
44, and N downstream transmission ports, which are 
coupled to a plurality of drop fibers 48. 
[0116] With the system shown in FIGs. 1-3, each of 
the HNUs 50 attached to a particular 1 :4 splitter 46 can- 
not "sec" whether the other HNUs 50 are transmitting 
upstream on the extension fiber 44. Because of this lim- 
itation, the system utilized a full-duplex communication 
protocol in which the central office instructed the HNUs 
50 as to when they should communicate upstream on 
the extension fiber 44. FIG. 7, and accompanying de- 
scription, describes this full-duplex protocol in which the 



central office equipment 12 transmits a burst ID 120A 
downstream to the HNUs 50. Each of the HNUs 50 sens- 
es the burst ID in the data protocol in order to know 
which upstream time slot (of the four time slots) they 

5 should communicate on, and also to know which of the 
other HNUs in the group of four are active. 
[0117] In order to increase the data rate of the system, 
a half-duplex protocol can be utilized. The half-duplex 
protocol provides the advantage of better noise immu- 

10 nity and insensitivity to near-end cross-talk at the HNU 
laser driver/receiver. Although it may be possible to im- 
plement the half-duplex protocol using the 1:4 splitter 
shown above, this would complicate the design of the 
host control protocol and would likely introduce a sig- 

'5 nificant amount of latency into the system, thereby de- 
grading the increase in data rate provided by the half- 
duplex protocol. By using the reflective coupler shown 
in FIGs. 17-19. however, in which each of the N HNUs 
50 can "see" whether the other HNUs are Iransmitting 

20 on the single extension fiber 44, protocol control can be 
decentralized from the central office equipment to each 
of the HNUs 50. 

[0118] Using software operating at tho HNUs 50, each 
HNU 50 can then determine when it is to communicate 

25 upstream on the fiber 44 by sensing whether the other 
HNUs 50 are transmitting. A simple round-robin type al- 
gorithm could be utilized, in which each HNU 50 is pro- 
vided with a particular burst transmission slot in which 
to transmit data upstream to the central office. Altorna- 

30 tively, however, more complex algorithms could be uti- 
lized to increase the upstream bandwidth of a particular 
HNU 50, if, for example, the other HNUs 50 are not uti- 
lizing their assigned time slots. Many other dynamic 
bandwidth allocation algorithms could be implemented 

35 at the HNUs 50 in order to increase the upstream data 
efficiency of the system. 

[01 19] The reflective coupler is preferably a 1:8 cou- 
pler, meaning that it couples a single extension fiber 44 
to eight drop fibers 48 : although in practice it could be 

40 of many other configurations, such as 1:4, 1:16, 1:32, 
etc. The reflective coupler 46 shown in FIG. 17 differs 
from the couplers described above in that each of the 
HNUs 50 are optically coupled not only to the fiber 44, 
but are also optically coupled to each other. Using the 

45 structures shown in FIGs. 17-19, this enables each of 
the HNUs to "see" what the other HNUs are doing in 
terms of communicating data onto the single extension 
fiber 44, and thus overcomes some of the technical lim- 
itations imposed on the system as described above with 

50 reference to FIG. 7. More specifically, this reflective cou- 
pling of the HNUs 50 enables dynamic, sell-controlled 
access to the fiber 44 by each of the HNU devices 50 . 
thereby enabling use of a half-duplex data protocol that 
can operate at a much higher rate than tho full duplex 

55 protocol described with reference to FIG. 7. In addition, 
utilizing this reflective coupler 46 enables data transmis- 
sion directly from one HNU 50 to another 50 without in- 
tervention by any CO equipment. 
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[0120] Preferably, the reflective couplers 46 are no 
more than 1km from the HNUs 50, and the extension 
fiber 44 is preferably no more than 6km in length. Using 
this configuration, it is expected that bi-directional data 
transmission rates of up to 70.9 Mbit/s could be support- 
ed, in addition to telephony and video signals as de- 
scribed above. 

[0121] On the upstream side, the reflective coupler 46 
preferably includes a single upstream transmission port 
that is coupled to a single extension fiber 44 emanating 
from the central office location, where it is coupled to the 
SWX circuitry 30, as described in more detail above. 
The SWX 30 is in turn coupled to the two optical signals 
28, 32, one signal 28 carrying telephony and data sig- 
nals from the Host OIU equipment 20, and a second sig- 
nal 32 carrying video data from a video source 40. As 
described above, these signals 28, 32 are multiplexed, 
converted into a combined optical signal at the SWX 30, 
and transmitted downstream towards the HNUs via the 
extension fiber 44. 

[01 22] On the downstream side, the reflective coupler 
46 includes N downstream transmission ports that are 
connected to N drop fibers 48, each of which terminates 
at an HNU 50 at a subscriber location. Preferably, N is 
equal to 8, although other configurations, such as 1 :2, 
1:4, 1:16, etc., are also possible. Within the reflective 
coupler 46 are a plurality of optical splitter/couplers 402, 
404 which couple the eight drop fibers 48 to the single 
extension fiber 44, and also which couple the eight drop 
fibers 48 to each other by echoing signals between the 
downstream transmission ports via the pluraltiy of opti- 
cal splitter couplers 402, 404. 

[0123] FIG. 17 sets forth one embodiment of the re- 
flective coupler 46 that includes a single 1x2 splitter/ 
coupler 402, and eight 2x2 splitter couplers 404A-404H. 
The single 1x2 splitter/coupler 402 is connected on the 
upstream side through the upstream transmission port 
to the extension fiber 44, and on the downstream side 
to two 2x2 splitter/couplers 404A, 404B. Each of these 
two 2x2 splitter/couplers 404A, 404B are, in turn, cou- 
pled to two more 2x2 splitter couplers 404E, 404F, 
404G, 404H, and are also coupled to each other. In the 
configuration shown in FIG. 17, splitter/coupler 404A is 
coupled to splitter/couplers 404E and 404 F, and splitter/ 
coupler 404B is coupled to splitter/couplers 404G and 
404H. Each of these two pairs of splitter couplers (404E 
and 404F forming a first pair, and 404G and 404H form- 
ing a second pair) are, in turn, coupled to four drop fibers 
48 through four downstream transmission ports, and the 
two splitter/couplers that comprise the pair are also cou- 
pled to each other through 2x2 splitter/couplers 404C 
and 404D. 

[0124] By implementing the structure shown in FIG. 
17, each of the HNUs 50 connected to the drop fibers 
48 can "see" what the other seven HNUs 50 are com- 
municating onto the extension fiber 44 because of the 
reverse coupling though the 1:8 coupler 46, which ech- 
oes data signals transmitted on one of the drop fibers 



44 to all of the other drop fibers 44 connected to the 
splitter/coupler 46. In addition, this configuration of the 
coupler 46 enables direct communication between and 
among the HNUs 50 connected to the single coupler 46 
5 without any intervention by the central office equipment. 
[0125] FIG. 1 8 sets forth a second embodiment of the 
reflective passive optical coupler 46 shown in FIG. 17. 
The structure of the reflective coupler 46 in this embod- 
iment is similar to that shown in FIG. 17, except that it 
10 replaces the upstream 1 x2 splitter/coupler 402 with an- 
other 2x2 splitter/coupler 4041 . This configuration is for 
use with a system in which the telephony/data signals 
28 from the host OIU 20 and the video signals 32 from 
the video source 40 are delivered over separate exten- 
ds sion fibers, and are not combined at the central office 
SWX equipment 30. In this configuration , the coupler 46 
includes two upstream transmission ports, one for each 
of the extension fibers, and N downstream transmission 
ports, one for each of the drop fibers. 
20 [0126] FIG. 19 sets forth a third embodiment of the 
reflective passive optical coupler 46 shown in FIG. 17. 
This embodiment includes a 1x2 splitter/coupler 402 
coupled to the upstream transmission port, and four ad- 
ditional 1x2 splitter/couplers 404E : 404F, 404G, 404H 
25 coupled to the eight downstream transmission ports. 
Coupling the 1x2 couplers are three additional 2x2 split- 
ter couplers 404A, 404C, 404D. 

[01 27] FIG . 20 sets forth a timing diagram for commu- 
nicating over a passive optical network (PON) utilizing 

30 one or more of the three reflective optical couplers 
shown in FIGs 17-19. The first diagram 410 shows the 
burst structure on the fiber 44 in which each of the HNUs 
50 is enabled for maximum burst length . As shown here, 
the HNUs 50 transmit in a round-robin order on the fiber 

35 44, starting at HNU NO through N8 before returning to 
NO. Preferably, the maximum burst length for each HNU 
is limited to permit the transmission of time-critical infor- 
mation, and also to ensure that no one device is using 
all of the available bandwidth. The second diagram 412 

40 shows the situation in which one of the HNUs, here HNU 
NO, is enabled for maximum burst length at the expense 
of the other HNUs. In this diagram, one of the HNUs is 
thus configured to achieve maximum upstream band- 
width. Other configurations of the HNUs is also possible 

45 in which 2, 3, 4 or more of the 8 HNUs are essentially 
sharing the upstream bandwidth of the fiber. The third 
diagram 414 shows maximum burst length for the host 
communications from the central office. 
[0128] The preferred embodiments described with 

50 reference to the attached drawing figures are presented 
only to demonstrate certain examples of the invention. 
Other elements, steps, methods and techniques that are 
insubstantially different from those described above are 
also intended to be within the scope of the invention. 

55 
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Claims 

1 . A system for transporting voice, video and data sig- 
nals in the local access loop between a central of- 
fice location and a plurality of subscribers, compris- 
ing: 

optical video distribution circuitry for combining 
CATV television signals and DBS television sig- 
nals into optical video signals at a first wave- 
length; 

telephony/data distribution circuitry for combin- 
ing telephony signals and packet data signals 
into optical telephony/data signals at a second 
wavelength; 

optical multiplexing circuitry for combining the 
optical video signals at a first wavelength with 
the optical telephony/data signals at a second 
wavelength to form combined optical signals 
carrying information at two distinct wave- 
lengths; 

a passive optical network for transporting the 
combined optical signals to the subscribers, 
wherein the passivo optical network includes a 
plurality of 1:N reflective splitter/couplers that 
each include a plurality of optical coupling cir- 
cuits for coupling N downstream transmission 
ports to one or more upstream transmission 
ports, and for echoing signals between the N 
downstream transmission ports; and 
a plurality of home network units coupled to the 
1 :N reflective splitter/couplers for receiving the 
combined optical signals, and for demultiplex- 
ing and converting the combined optical signals 
into a plurality of electrical signals correspond- 
ing to the CATV television signals, the DBS tel- 
evision signals, the telephony signals, and the 
packet data signals. 

2. The system of claim 1 , wherein signals transmitted 
upstream from one or the home network units are 
echoed to a plurality of other home network units 
coupled to a common reflective splitter/coupler. 

3. The system of claim 1 , wherein the plurality of 1 :N 
reflective splitter couplers are 1 :8 reflective splitter 
couplers having at least one upstream transmission 
port and eight downstream transmission ports, 
wherein each of the downstream transmission ports 
is coupled to a home network unit. 

4. The system of claim 3, whorein the downstream 
transmission ports of the 1 :N reflective splitter/cou- 
pler are coupled to the home network units by a plu- 
rality of drop fibers. 

5. The system of claim 3, wherein the 1 :8 reflective 
splitter/couplers include a single 1x2 optical cou- 



pling circuit and eight 2x2 optical coupling circuits, 
wherein the 1x2 optical coupling circuit and the 
eight 2x2 optical coupling circuits are configured 
such that an upstream signal received on one of the 
5 eight downstream transmission ports is echoed to 

the other seven downstream transmission ports. 

6. The system of claim 3, wherein the 1:8 reflective 
splitter/couplers include nine 2x2 optical coupling 
*o circuits configured such that an upstream signal re- 
ceived on one of the eight downstream transmis- 
sion ports is echoed to the other seven downstream 
transmission ports. 

*5 7. The system of claim 1 , wherein signals are trans- 
mined upstream and downstream through the pas- 
sive optical network using a half-duplex data proto- 
col. 

20 8. The system of claim 7, wherein each HNU is pro- 
grammed to determine when to communicate up- 
stream to the central office location through the pas- 
sive optical network by sensing whether the other 
HNUs coupled to a common reflective splittor/cou- 

25 pier are communicating upstream. 

9. The system of claim 7, wherein each HNU in a group 
of N HNUs coupled to one reflective splitter/coupler 
are programmed to sense whether the other HNUs 
30 are communicating upstream through the passive 
optical network and dynamically alter their up- 
stream burst transmission rates in order to maxi- 
mize upstream bandwidth. 

35 10. The system of claim 1 , wherein the optical video dis- 
tribution circuitry comprises: 

an optical multiplexer for combining the CATV 
television signals and the DBS television sig- 
40 nals into optical video signals; and 

a first optical booster stage for amplifying the 
optical video signals. 

1 1 . The system of claim 1 , wherein the optical video dis- 
**5 tribution circuitry further comprises: 

a splitter coupled to the output of the first optical 
booster stage; and 

a plurality of additional optical booster stages 
50 coupled to the output of the splitter for further 

amplifying the optical video signals. 

12. Tho system of claim 10, wherein the first optical 
booster stage is an Erbium-doped fiber amplifier. 

55 

13. The system of claim 11 , wherein at least one of the 
plurality of additional optical booster stages are Er- 
bium-doped fiber amplifiers. 
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14. The system of claim 1 , wherein the first wavelength 
is approximately 1550 nanometers. 

1 5. The system of claim 1 , wherein the CATV television 
signals occupy a bandwidth of approximately 50 to 
750 megahertz. 

16. The system of claim 1 , wherein the DBS television 
signals occupy a bandwidth of approximately 950 
to 2050 megahertz. 

17. The system of claim 1 , wherein the telephony/data 
distribution circuitry comprises: 

a telephony interface platform for interfacing 
with a telephone switch; 
a data switch for Interfacing with a source of 
packet data signals; and 
a plurality of optical interface units coupled to 
the telephony interface platform and the data 
switch for converting the telephony signals into 
packet telephony signals, for multiplexing and 
demultiplexing the telephony packet signals 
with the packet data signals, and for converting 
the signals to and from optical telephony/data 
signals at a second wavelength. 

18. The system of claim 1 7, further comprising an ele- 
ment management system coupledto the telephony 
interface platform. 

19. The system of claim 17, wherein the digital tele- 
phone switch is coupled to the telephony interface 
platform via a plurality of DS-1 telephony signals. 

20. The system of claim 1 7, wherein the data switch is 
an Ethernet switch. 

21 . The system of claim 20, wherein the Ethernet switch 
is coupled to the plurality of optical interface units 
via a plurality of 100 Base-T connections. 

22. The system of claim 1 7, wherein the passive optical 
network includes a plurality of transport fibers for 
coupling the optical multiplexing circuitry with the 
plurality of 1 :N reflective splitter/couplers, and 
wherein each optical interface unit is coupled to four 
or more of the transport fibers. 

23. The system of claim 1 7, wherein the second wave- 
length is 1310 nanometers. 

24. The system of claim 17, wherein the data switch is 
coupled to a PPPOE service gateway. 

25. The system of claim 1 7, further comprising a drop 
processor unit for interfacing the optical network 
units to the telephony interface platform. 



26. The system of claim 17, wherein the optical inter- 
face units convert the telephony signals into pack- 
etized telephony signals. 

5 27. The system of claim 26, wherein the packet data 
signals are Internet packet data signals. 

28. The system of claim 27, wherein the packetized te- 
lephony signals and the packetized data signals are 

10 both Ethernet packet signals. 

29. The system of claim 28, further comprising an Eth- 
ernet ID field within each of the Ethernet packet sig- 
nals for identifying whether a particular packet is a 

»5 packetized telephony signal or a packetized data 
signal. 

30. The system of claim 28, wherein each home net- 
work unit has an associated Ethernet MAC address 

20 for routing telephony data signals from the central 

office to the proper home network unit. 

31 . The system of claim 28, wherein each optical inter- 
face unit has an associated Ethernet MAC address 

25 for routing telephony data signals from the home 

network units to the proper optical interface unit. 

32. The system of claim 1 , wherein the passive optical 
network further includes. 

30 

a plurality of transport fibers coupled to the op- 
tical multiplexing circuitry; 
a plurality of drop fibers coupled to the home 
network units, wherein each home network unit 
35 is coupled to one drop fiber; and 

wherein the plurality of 1:N reflective optical 
splitter/couplers are coupled between the 
transport fibers and the drop fibers. 

40 33. The system of claim 1 , wherein the home network 
units include connections for servicing a plurality of 
telephones, analog television equipment, digital tel- 
evision equipment, and at least one computer. 

4 $ 34. The system of claim 1 , wherein the home network 
units further include circuitry for transmitting up- 
stream telephony and Internet data signals back 
over the passive optical network to the central of- 
fice. 

50 

35. The system of claim 34, wherein the upstream te- 
lephony and Internet data signals are converted into 
optical telephony/data signals at the second wave- 
length. 

55 

36. The system of claim 34, wherein the telephony and 
Internet data signals are packeti7ed signals. 
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37. The system of claim 34, wherein the home network 
unit prioritizes the transmission of the telephony 
packet signals over the Internet data packet signals. 

38. The system of claim 1 , furthercomprising an optical s 
mainframe coupled between the optical multiplex- 
ing circuitry and the passive optical network for rout- 
ing optical signals to a plurality of transport fibers. 

39. The system of claim 1, wherein the home network w 
units further include an external power module cou- 
pled to the AC line of the subscriber's premises. 

40. A method of transmitting telephony, data and video 
signals in the local access loop between a central is 
office location and a plurality of subscriber homes, 
comprising the steps of: 

(A) multiplexing the telephony signals with the 
data signals to form telephony/data signals; 20 

(B) converting the telephony/data signals into 
optical telephony/data signals; 

(C) converting the video signals into optical vid- 
eo signals; 

(D) combining the optical telephony/data sig- 25 
nals and the optical video signals into a com- 
bined optical signals; 

(E) transmitting the combined optical signals 
over a passive optical network that is terminat- 
ed with a plurality of home network units within 30 
each subscriber's home, wherein the passive 
optical network includes a plurality of 1 :N re- 
flective splitter/couplers, each of the 1 :N reflec- 
tive splitter/couplers coupled to up to N home 
network units; 35 

(F) extracting the optical video signals and the 
optical telephony/data signals from the com- 
bined optical signals; 

(G) demultiplexing the telephony signals and 

the data signals from the telephony/data sig- *o 
nals; and 

(H) routing the video signals, the telephony sig- 
nals, and the data signals to devices within the 
subscriber's home. 

45 

41. The method of claim 40, further comprising the 
steps of: 

(I) transmitting telephony signals and data sig- 
nals from the subscriber's devices to the home so 
network unit within the subscriber's home; 

(J) multiplexing the telephony signals and the 
data signals into upstream telephony/data sig- 
nals; 

(K) converting the upstream telephony/data 55 
signals inlo upstream optical telephony/data 
signals; and 

(L) transmitting the upstream optical telephony/ 



data signals from the home network unit to the 
central office via the passive optical network, 
wherein the upstream signals are received by 
the reflective splitter/couplers and echoed to 
each of the home network units coupled to a 
particular reflective splitter/coupler. 

42. A method of transmitting data over a passive optical 
network that couples a central office terminal to a 
plurality of home network units (HNUs), the passive 
optical network include a plurality of 1:N reflective 
splitter/couplers, wherein each of the 1:N reflective 
splitter/couplers is coupled to up to N HNUs, and 
echoes data transmitted by one of the HNUs to the 
other HNUs, comprising the steps of: 

providing a continuous downstream transmis- 
sion from the central office terminal to the 
HNUs; and 

providing a burst upstream transmission from 
each of the HNUs to the central office, wherein 
each of the HNUs coupled to a particular 1:N 
reflective splitter/coupler monitors the up- 
stream transmission from the other HNUs and 
dynamically adjusts the frequency of its burst 
upstream transmission in order to maximize up- 
stream bandwidth. 

43. A reflective splitter/coupler for use in a passive op- 
tical network for transporting optical communication 
signals, comprising: 

at least one upstream transmission port; 

a plurality of downstream transmission ports: 

and 

a plurality of optical coupling circuits coupled 
between the at least one upstream transmis- 
sion port and the plurality of downstream trans- 
mission ports, the optical coupling circuits be- 
ing configured to transmit an upstream signal 
received from one of the downstream transmis- 
sion ports to the at least one upstream trans- 
mission port and also to the other downstream 
transmission ports. 



20 



BNSDCCID: <EP 123&03A2 |.> 



EP 1 235 433 A2 




21 



BNSDOCID: <EP 123S433A2 .».> 



EP 1 235 433 A2 




BNSDOCIO. <EP 1235433A2J_> 



EP 1 235 433 A2 




23 



BNSDOCID: <EP _ 



123S433A2_I_> 



EP 1 235 433 A2 




24 



BNSDOCID: <£P_ 



1235433A2 l_> 



EP 1 235 433 A2 




EP 1 235 433 A2 




26 



BNSDOCtD: <EP 1 ?35433A2_I_> 



EP 1 235 433 A2 




27 



BNSOOGIO: <EP. 



1 235433 A2 I > 



EP 1 235 433 A2 




28 



1235433A2 I > 



EP 1 235 433 A2 



o 

LO 



0 

m 
O 



L/l 



o 



o 



LO 



o 

CL. 



LO 


>- 


LO 


lo 


sI3 
LO 


on 


LO 




Hd 




O 




0d[ 






CO 

to 









O 




LO 


LO 


UJ 




o 












29 



BNSDOCIO: <EP 



_1235<J3A2_I_> 



EP 1 235 433 A2 



A 



\2: 



B5£ 



in i 



DZ ' 




it 











S 


UD 








X 


Of 










XT 




UD 



A 



J 



o 



OD 

ru 



>- 


oc 


:mor 


UJ 
—J 

—J 
0 


t: 


C£ 


X 


0 

UJ 



ru 
ru 



o 

ru 



1 

V, u_ ~ 



x O 



>- 




or 

CD 
:C 


UJ 
—1 

CD 


a: Ckl 






x 






UJ 



CD 
CD 
ru 



UD 

CD 
ru 



£uj 
CD — { 

3C ^ 

2: 



CD 
UJ 



7S 



OD 



FIBER 
ERF ACE 




FIBER 
ERFACE 


a; _ 







ru 

LO 



Oil 



ru 

CD 
ru 



UD 

LO 



A 



UD 
LO 



o 

ro 
ru 



LD 1 



UD UD 
LO LO 

A u-> ^ u^ A 



LD 1 



2 Co 
or 



CD QC 

a uj 



ru 
ro 
ru 



UD 

ru 
ru 



Lis 



ru 
m 
ru 



x 

QC 



ru 
ru 
ru 



□3 





U 






CD 
1 


ndl 


uo 

CD 


a 


X 


cu 
J£ 

U 
O 





UJ 
UJ 
















5 



ru 
ro 
ru 



:2 

• ctr 



V JLV. 



: cu 

uj 
o 



ru 
ru 



or uj 

CD < ) 

ej^|< 
Co lo u- 

— LJQi 
CCUUI 

CD 

QC 

CU — 



CO 
ru 



A 



7" 



CD 
LO 



r 

OD 
LO 



CD 
. , UO 

CU 



V 



30 



EP 1 235 433 A2 




31 



BNSDOCID: <EP 



123S433A2 I > 



EP 1 235 433 A2 




32 



BNSDOCID: <EP 1 236433A2. I„ » 



EP 1 235 433 A2 



MATCH TO FIG. (48 



CD 

m 



o 



CD 
CD 

m 



ru 

CD 

ro 



CD 
CL 



QJ 

a 



QJ 
> 



QJ 



QJ 
JD 



1 



CO *r> 

S o 



QJ 

a 

QJ 



Of 

QJ 
CD 

QJ 
ur> 
O 
-C 
Q_ 











u 


u 


U 


O 


Of 


QJ 


QJ 


aj 






«—» 




QJ 


QJ 


QJ 


QJ 


CD 


CD 


CD 


CD 


~o 


-a 


T3 


TD 




c 


(_ 


u 


o 


o 


O 


o 




DJB 


D* 


D* 



no CD 
C CD 

a — 
a "O 

«-« QJ 

a «- 

CD QJ 

X > 

or o 
o 

QJ 



CD 

OD 



J 



CD 
CO 



ao 
m 



<D 



QJ 

> 



QJ 



a 



QJ 

-O 



a 

CJ 
CD 
x 



u 



0 



ON S DOC ID: <EP 1235433A2J.: 



33 



EP 1 235 433 A2 



CO 





OJ 


l_ 


cn 


o 


c 


*— > 


C3 


a 


-C 


u 


(_> 




X 


■a 


UJ 








-o ( 




c 


c 


o 







A 



o 



u-i QJ 

l. an 
© e 

ssIS 

^ — x P 
<§^ § 



A 




QJ 




QJ 




QJ 


i_j 










a 




a 




a 


u- 




U_ 






t_ 




t_ 




i_ 


at 




OJ 




QJ 












c: 




















i_ 




1— 




L. 


QJ 




QJ 




QJ 


-Q 




_Q 




-O 












Li_ 




U. 




u> 


X 




X 




X 


OS 








or 


t 


t 


t 



I I 




XJ QJ 

5 S « 



52_ 



*U QJ 

° § t 

o x 5 



cn 5 



MATCH TO HC'TlT 



V7 



a 
cn 



CJ 

o 



CD 
OJ 

ro 

















v_ 










QJ 










-o 










O 










u 










c: 










as 










a 










QJ 




















CD 




















-c 










cn 




























C3 






QJ 








U 


L. 








a 


QJ 


i_ 










QJ 




QJ 


l_ 


o 


INI 






QJ 


) — 






a 












cr 


QJ 


a 




i_ 










QJ 












QJ 


"3 


QJ 




C 






on 








CJ 


CO 




w 


O 


O- 


<r 




QJ 


<- 


X 


QJ 




_o 


C3 










Q_ 

X 







CD 



CD 
Q 
CO 



34 



8NSDOCID: <EP 123 543 3 A2 I > 



EP 1 235 433 A2 



330 



332 

332 
334 




HNU I (Green LED) 
O) HNU 2 (Green LED) 
HNU 3 (Green LED) 
HNU 4 (Green LEO) 
_yj~0 CLEAR (Red LEO) 




(O) SELECT PUSHBUTTON 
336 



Fig. 15 



340 



344 




RETRE1VE HNU 
TIMESLOT FROM MEMORY 




350 



352 



360 



\ — 


01 SABLE HNU 








TURN ON CLEAR LED 




1 




ENA8LE TIMER 






t 



WAIT FOR 
INTERRUPT 



ENABLE HNU 



354 



TURN CORRECT LEO ON 



If 



356 



01 



SABLE TIMER S 



358 



Fig. 16A 



35 



BNSDOCID: <EP_ 



_1235A33A2_I_> 



EP 1 235 433 A2 



370 



374 



376 



378 



380 




PUSHBUTTON 
INTERRUPT 




372 



SKIP TO NEXT IOLE 
TIHESLOT OR CLEAR 




t 


STORE Tlh 
CLEAR IN 


IE SLOT OR 
1 MEMORY 



ENABLE OR 01 SABLE HNU 



TURN CORRECT LEO ON 



382 



384 



01 SABLE TIMER 




WAIT FOR 
INTERRUPT 




Fig. 168 



BNSDOCIO: <EP 1235433A2_I_ > 



36 



EP 1 235 433 A2 




BNSOOCIO <EP. 



1235433A2 I > 



EP 1 235 433 A2 




38 



BNSDOCIO. <EP 1 235433A2_I_> 



EP 1 235 433 A2 




39 



12 35 433 A2 l_> 



EP 1 235 433 A2 




40 



BNSOOCfO: <EP 1235433A2_1_> 



iMiiHiniiiiniiiininiiiiii 

id EP 1 235 433 A3 



(12) EUROPEAN PATENT APPLICATION 

(88) Date ol publication A3: (51) Int CI. 7 : H04B 10/207, H04N 7/173 

11.05.2005 Bulletin 2005/19 

(43) Date of publication A2: 

28.08.2002 Bulletin 2002/35 

(21) Application number: 02004042.4 



(22) Date of filing: 22.02.2002 



(84) 


Designated Contracting States: 


• Autry.John 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Colleyville, Texas 76034 (US) 




MC NL PT SE TR 


• BuAbbud, George H. 




Designated Extension States: 


Southlake, Texas 76092 (US) 




AL LT LV MK RO SI 


• Gainer, James J. 

Keller, Texas 76248 (US) 


(30) 


Priority: 27.02.2001 US 794869 


• Ethridge, Barry J. 

Forth Worth, Texas 76137 (US) 


(71) 


Applicant: Advanced Fibre Access Corporation 






Petaiuma, CA 94954 (US) 


(74) Representative: Jones Day 

Rechtsanwalte, Attorneys-at-Law, 


(72) 


Inventors: 


Patentanwalte 


• 


Kimbrough, Mahlon D. 


Prinzregentenstrasse 11 




Bedford, Texas 76021 (US) 


80538 MUnchen (DE) 


* 


Matthes, John W. 
Southlake, Texas 76092 (US) 





(54) Fiber to the home (FTTH) multimedia access system with reflection pon 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



CO 
< 

CO 
CO 

try 

CO 
CM 



Ol 
LU 



(57) A Fiber-to-the-Home (FTTH) multi-media ac- 
cess system and method are provided in which voice, 
video and data signals are transported over a passive 
optical network (PON) between a central office location 
and a plurality of subscriber home network units 
(HNUs). Optical video distribution circuitry and telepho- 
ny/data distribution circuitry at the central office location 
are included in the system and operate to send and re- 
ceive CATV video, PBS video television, telephony and 
Packet data signals to and from the HNUs via the PON. 
Optical multiplexing/demultiplexing circuitry operating 
at the central office combines the video signals, which 
are operating at one optical wavelength, with the teleph- 
ony/data signals, which are operating at a second, dis- 
tinct optical wavelength. These combined optical sig- 
nals are then transported over the PON to the HNUs. 
The PON includes a plurality of distribution fibers cou- 
pled to a plurality of passive optical splitters, which are 
each coupled to a plurality of drop fibers that connect to 
the HNUs. The HNUs receive the combined optical sig- 
nals, demultiplex and convert the optical signals into 
corresponding electrical signals, which are in turn cou- 
pled through the HNU to the video, data and telephony 
networks within the home. The HNUs also receive up- 
stream electrical signals from devices within the home, 



multiplex and convert these electrical signals into up- 
stream optical signals, and transmit these upstream op- 
tical signals to the central office. 




s * ■•' 'If 




Fig I 



Printed by Jouvo. 75001 PARIS (FR) 



BNSDOCID: <EP . 1235433A3J.: 



EP 1 235 433 A3 



European Patent 
Otfico 



EUROPEAN SEARCH REPORT 



Applicntion Number 

EP 02 00 4042 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Caiegory 



Citation of document with indication, whore appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



A 

X 

Y 

Y 



SALEH A A M ET AL: "REFLECTIVE 
SINGLE-MODE FIBER-OPTIC PASSIVE STAR 
COUPLERS" 

JOURNAL OF LIGHTWAVE TECHNOLOGY, IEEE. NEW 
YORK, US, 

vol. 6, no. 3, 1 March 1988 (1988-03-01), 
pages 392-398, XP000471592 
ISSN: 0733-8724 

* the whole document * 

EP 0 530 877 A (NEDERLAND PTT) 
10 March 1993 (1993-03-10) 

* claim 1 * 

W0 00/33489 A (MARCONI COMM INC) 
8 June 2000 (2000-06-08) 

* abstract * 



43 



H04B1O/2O7 
H04N7/173 



L-42 
43 

1-42 
1-42 



TECHNICAL FIELDS 
SEARCHED (In! CJ.7) 



H04B 

H04N 



The prosent search report has been drawn up for all claims 



PUc« erf t««ict> 



Munich 



On! <S of roilpleliui O* lh* fccoictl 

17 March 2005 



Shaalan, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant rt taken alone 

Y : particularly relevant if combined with another 

document at the same category 
A : teohnologioal background 
O : non-written diio»o»ure 
P : intermediate document 



T : theory or principle underlying the invention 
E : mtvlimr patent document, but pur»I*hed on, or 

after the f ifmg date 
I") : document cited in the opptioabnn 
L : document cited for other reasons 



& : member of the some patent family, corresponding 



1 235433 A3 J > 



EP 1 235 433 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 02 GO 4042 



This annex Ibts the patent family members relating to the patent documents cited in the above-mentioned Europear search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way Sable for these particulars which are merely given for the purpose of information. 

17-03-2005 



Patent document 
cited in search report 



Publication 
date 



Patent famil/ 
member(s) 



Publication 
oate 



EP 0530877 



10-03-1993 



WL 
AT 
CA 
DE 
DE 
EP 
ES 
Fl 
JP 
NO 
US 



A 
T 



9101490 

151214 
2075887 Al 
69218699 01 
69218699 T2 
0530877 Al 
2102447 T3 

923895 
5259992 

923167 
5396358 



W0 0033489 



08-06-2000 



US 
AU 
WO 



6362908 Bl 
1839000 A 
0033489 Al 



I 
o 

lj For more details about this annex : see OfficialJoumal of the European Patent Office, No. 12/82 



01-04- 
15-04- 
04-03- 

07- 05- 
04-09- 
10-03- 
01-08- 
04-03- 

08- 10- 
04-03- 
07-03- 



1993 
1997 
1993 
1997 
1997 
1993 
1997 
1993 
1993 
1993 
1995 



26-03-2002 
19-06-2000 
08-06-2000 



BNSDOCIO; <EP_ 



..1235<J3A3 I > 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHffiIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' - . ■ ; ' " _______ 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



